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Preface
 

The Agency for Healthcare Research and Quality (AHRQ), through its Evidence-based Practice 
Centers (EPCs), sponsors the development of systematic reviews to assist public- and private-sector 
organizations in their efforts to improve the quality of health care in the United States. These 
reviews provide comprehensive, science-based information on common, costly medical conditions 
as well as new health care technologies and strategies. 

Systematic reviews are the building blocks underlying evidence-based practice; they focus 
attention on the strength and limits of evidence from research studies about the effectiveness and 
safety of a clinical intervention. In the context of developing recommendations for practice, 
systematic reviews can help clarify whether or not assertions about the value of the intervention are 
based on strong evidence from clinical studies. For more information about AHRQ EPC systematic 
reviews, see www.effectivehealthcare.ahrq.gov/reference/purpose.cfm. 

AHRQ expects that these systematic reviews will be helpful to health plans, providers, 
purchasers, government programs, and the health care system as a whole. Transparency and 
stakeholder input are essential to the Effective Health Care Program. Please visit the Web site 
(www.effectivehealthcare.ahrq.gov) for draft research questions and reports or to join an e-mail list 
to learn about new programs, products and opportunities for input. 

We welcome comments on this systematic review. They may be sent by mail to the Task Order 
Officer named below at: Agency for Healthcare Research and Quality, 540 Gaither Road, Rockville, 
MD 20850, or by email to epc@ahrq.hhs.gov. 

Richard G. Kronick, Ph.D. Yen-Pin Chiang, Ph.D. 
Director Acting Deputy Director, Center for Evidence 
Agency for Healthcare Research and Quality and Practice Improvement 

Agency for Healthcare Research and Quality 

Stephanie Chang, M.D., M.P.H. Elisabeth U. Kato, MD 
Director, EPC Program Task Order Officer 
Center for Evidence amd Practice Improvement Center for Evidence amd Practice Improvement 
Agency for Healthcare Research and Quality Agency for Healthcare Research and Quality 
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Contrast-induced Nephropathy: Comparative 
Effectiveness of Measures to Prevent Contrast-
induced Nephropathy 
Structured Abstract 
Objective: To evaluate the comparative effectiveness of different interventions (including 
intravenous (IV) fluids, N-acetylcysteine, sodium bicarbonate, and statins, among others) to 
reduce the risk of developing contrast-induced nephropathy (CIN) after receiving low osmolar 
contrast media (LOCM) or iso-osmolar contrast media (IOCM). 

Data Sources: We searched for original published studies in MEDLINE®, Embase and the 
Cochrane Library through October 28, 2013. We also searched clinical trials.gov and the Scopus 
database for other studies. 

Methods: Two reviewers independently reviewed each article for eligibility. For each study, 
one reviewer extracted the data and a second reviewer verified the accuracy. Both reviewers 
assessed the quality of each study. Together, the reviewers graded the strength of the evidence on 
preventing CIN and other adverse outcomes for the comparisons of interest. After the data were 
abstracted, the team quantitatively pooled the results of studies that were sufficiently similar, 
using the DerSimonian and Laird random effects model. We considered a 25 percent relative risk 
difference to be clinically important. 

Results: We found a total of 136 studies of interventions to prevent CIN, including 63 
randomized controlled trials (RCTs) comparing N-acetylcysteine with IV saline versus IV saline 
with or without a placebo, 23 RCTs comparing IV sodium bicarbonate versus IV saline, four 
RCTs comparing IV sodium bicarbonate versus N-acetylcysteine plus IV saline, four RCTs 
comparing a statin versus a placebo (only including studies in which contrast media was 
administered intra-arterially (IA)), five RCTs comparing an adenosine antagonist versus IV 
saline, and six RCTs investigating hemodialysis or hemofiltration versus IV saline. Although we 
found many studies investigating other interventions, the evidence generally was insufficient to 
support conclusions regarding the comparative effectiveness of those additional interventions. 
The studies were published between 1998 and 2013. 

The strength of evidence was low that high-dose N-acetylcysteine (> 1200 mg/day) was more 
effective than IV saline in preventing CIN (pooled risk ratio (RR): 0.70; 95% confidence interval 
(CI): 0.50 to 1.0), consistent with a clinically important benefit, and a number needed to treat of 
21 (CI: 13 to 172). The strength of evidence was low that low-dose N-acetylcysteine (1200 
mg/day or less) had a small clinically unimportant effect on the risk of CIN compared with IV 
saline (RR: 0.80; 95% CI): 0.60 to 0.90). The benefit of N-acetylcysteine was most apparent 
when IA LOCM was used. The strength of evidence was low that IV sodium bicarbonate did not 
differ from IV saline in the risk of CIN (RR: 0.80; CI: 0.5 to 1.2. The strength of evidence was 
moderate that using a statin plus IV saline was more effective than IV saline alone in preventing 
CIN (RR: 0.5; CI: 0.4 to 0.8). The effect of statins is consistent with a clinically important 
benefit, and has a number needed to treat of 45 (CI: 30 to 217). The strength of evidence was low 
that use of hemodialysis versus IV saline to prevent CIN did not reduce the risk of CIN and may 
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even be harmful (RR: 1.4; CI: 0.9 to 2.2). All other comparisons had insufficient evidence to 
determine relative effectiveness in preventing CIN. 

Conclusions: Of all the interventions that have been used in studies to reduce the risk of CIN, 
the only ones with evidence of a clinically important benefit over use of IV fluids alone are high-
dose N-acetylcysteine with IV saline (low strength of evidence) and statins with IV fluids 
(moderate strength of evidence). 
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Executive Summary
 

Background 

Kidney failure is one of the most serious adverse effects that can occur after intra-vascular 
administration of contrast media in diagnostic or therapeutic procedures. The reported incidence 
of contrast-induced nephropathy (CIN) varies, but it is a leading cause of hospital-acquired 
kidney failure.1 CIN is usually defined as an impairment of renal function with an increase in 
serum creatinine of more than 25 percent or 0.5 mg/dL within 3 days of intravascular 
administration of contrast media in the absence of an alternative etiology.  Though renal function 
returns to normal in the majority of patients, it can progress to acute kidney injury and chronic 
kidney failure in a small proportion of patients who develop CIN. Due to increasing use of 
contrast media in radiologic and cardiologic procedures, and the increasing prevalence of 
populations vulnerable to CIN (i.e., people having chronic kidney disease, diabetes mellitus, or 
hypertension, as well as the elderly), kidney failure due to CIN is a substantial concern. 
Numerous strategies have been used to try to prevent CIN. These strategies include: oral 
hydration; volume expansion with sodium chloride or bicarbonate or a combination of both; 
administration of N-acetylcysteine; withdrawal of metformin, ACE (angiotensin-converting-
enzyme) inhibitors, angiotensin II receptor blockers, or non-steroidal anti-inflammatory drugs; 
hemofiltration or hemodialysis; statins; use of low osmolar or iso-osmolar, non-ionic, contrast 
media; and reducing the volume of contrast media administered. Despite these varied strategies, 
there is still no clear consensus in clinical practice about the most effective intervention to 
prevent or reduce CIN. We therefore sought to perform a comprehensive systematic review of 
the effectiveness of different measures for preventing CIN. 

As most of the studies investigating CIN were conducted in patients who underwent intra-
arterial procedures, the need for prevention strategies for patients undergoing intravenous 
procedures is controversial. To better understand the results, we sought to separately analyze 
patients who underwent intravenous versus intra-arterial contrast media, as these groups may 
have distinctly different risk profiles and susceptibility of developing CIN. We also sought to 
perform a separate analysis for patients receiving iso-osmolar contrast media (IOCM) or low 
osmolar contrast media (LOCM), the two types of contrast media in regular clinical use today. 
There are conflicting results from studies that have compared CIN risk of IOCM versus LOCM.  
ICOM is more expensive than LOCM. It is unclear whether the additional cost of IOCM is 
accompanied by a reduced risk of CIN. Also, it is not entirely clear how image quality and the 
risk of CIN differ between LOCM and IOCM.2, 3 

Key Question 

Key Question: In patients undergoing imaging studies requiring intravenous or intra-arterial 
contrast media, what is the comparative effectiveness of interventions to prevent contrast-
induced nephropathy (CIN), for the outcomes of incidence of CIN, chronic kidney disease 
(CKD), end stage renal disease (ESRD), mortality, and other adverse events? 
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Data Sources 

We searched the following databases for primary studies published through October 28, 
2013: MEDLINE®, EMBASE®, and the Cochrane Library. In addition, we looked for 
conference proceedings and other reports by searching the Scopus database. We reviewed the 
reference lists of relevant articles and related systematic reviews to identify original journal 
articles and other reports the database searches might have missed. We also searched 
ClinicalTrials.gov to identify on-going studies. We did not search for data held by the U.S. Food 
and Drug Administration (FDA.) 

Study Eligibility Criteria, Participants, and Interventions 

We followed the population, interventions, comparators, outcomes, timing, and setting 
(PICOTS) framework in developing the criteria for including studies in the review, and included 
studies of patients of all ages with low, moderate, or high risk of developing CIN. We included 
randomized controlled trials (RCTs) of any intervention to prevent CIN (including 
administration of N-acetylcysteine, sodium bicarbonate solution, sodium chloride solution, 
statins, adenosine antagonists, diuretics, vasoactive drugs, antioxidants, dopamine, and renal 
replacement therapy), in which the study groups received either IOCM or LOCM via intravenous 
or intra-arterial injection. Studies had to report on at least one of the outcomes listed in the Key 
Question. In our protocol, we planned to consider observational studies comparing strategies for 
preventing CIN if no RCTs addressed a comparison of interest, but we did not include 
observational studies in the final report because RCTs were available on the identified 
comparisons of interest. 

Study Appraisal and Synthesis Methods 

The titles and abstracts were independently screened by two reviewers. Inclusion at the title 
screening level was liberal; if a single reviewer believed an article might contain relevant 
information, the article was moved to the abstract level for further screening. When reviewing 
abstracts followed by the full text of articles, both reviewers had to agree on inclusion or 
exclusion. Disagreements that could not be resolved by the two reviewers were resolved by a 
third expert member of the team. At random intervals during screening, quality checks by senior 
team members were performed to ensure that eligibility criteria were applied consistently. 

We performed de novo meta-analyses of all studies on a given comparison if the studies were 
not too heterogeneous by qualitative or statistical criteria. Pooled risks were calculated using a 
random effects model using the method of DerSimonian and Laird.4 16047 Statistical heterogeneity 
was assessed using the I-squared statistic. 

Two reviewers independently assessed each study’s risk of bias using five items from the 
Cochrane Risk of Bias tool for randomized studies:5 

● Was the allocation sequence adequately generated? 
● Was allocation adequately concealed? 
● Was knowledge of the allocated intervention adequately prevented during the study? 
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● Were incomplete outcome data adequately addressed? 
● Are reports of the study free of suggestion of selective outcome reporting? 
Answers of “Yes” were given a score of one, and answers of “No” or “Unclear” were given a 

score of zero. To simplify the presentation of the assessments of study quality, we combined the 
ratings of the five items into an overall rating of potential risk of bias as low, medium, or high. 
We used the assessment of the first three items (covering selection bias and 
performance/detection bias) as the starting point, with a cumulative score of three designated as 
low risk of bias, two or one as medium risk of bias, and zero as high risk of bias. The overall 
rating of risk of bias was downgraded if there was also a concern about either incomplete 
reporting or selective outcome reporting. When assessing the risk of bias, we focused on the 
main outcome of interest, CIN, an outcome that is objectively measured by laboratory testing.  

The team graded the strength of evidence (strength of evidence) on comparisons of interest 
for the key outcomes, focusing mainly on the incidence of CIN, for which the most evidence was 
available. We used the grading scheme recommended in the Methods Guide6 and considered all 
domains:  study limitations, directness, consistency, precision, reporting bias, and magnitude of 
effect.6 

Following the guidance of the GRADE Working Group 7, we rated evidence as precise if the 
total number of patients exceeded an optimum information size, and the 95% CI excluded a risk 
ratio of 1.0. We rated the evidence as imprecise if the 95% CI did not exclude the possibility of a 
clinically important benefit or harm (i.e., RR less than 0.75 or greater than 1.25) despite having 
an optimum information size.  For the main outcome of interest, CIN, we used an optimum 
information size of 2000 based on an expected 0.1 probability of CIN in the comparison group 
and a minimally important relative risk difference of 25%). For less frequent adverse outcomes, 
we used an optimum information size of 10,000 based on an expected 0.02 probability in the 
comparison group and a minimally important relative risk difference of 25%. If only one study 
was available for a given comparison, we downgraded the evidence for having unknown 
consistency. We classified the strength of evidence pertaining to each comparison into four 
category grades: high, moderate, low, and insufficient. The body of evidence was considered 
high grade if study limitations were low and there were no problems in any of the other domains, 
and subsequently downgraded for each domain in which a problem was identified. If the 
magnitude of effect was very large, the strength of evidence could be upgraded. 

Organization of This Report 

The following results section reports on a number of comparisons. We report in detail on 
comparisons for which substantial evidence exists. The comparisons are ordered according to the 
most commonly used preventive interventions (N-acetylcysteine plus intravenous saline versus 
intravenous saline, intravenous sodium bicarbonate versus intravenous saline, N-acetylcysteine 
plus intravenous saline versus intravenous sodium bicarbonate, statins plus intravenous saline 
versus intravenous saline, adenosine antagonists plus intravenous saline versus intravenous 
saline, and renal replacement therapy versus intravenous hydration). At the end of the results 
section, we refer to information about other “miscellaneous comparisons.” Details on those 
comparisons appear in an appendix. 
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Results 

The literature search revealed a total of 136 studies on interventions for preventing CIN, 
including 63 RCTs on N-acetylcysteine, 23 RCTs on intravenous sodium bicarbonate, eight 
RCTs on statins, five RCTs on adenosine antagonists, and six RCTs on use of hemodialysis or 
hemofiltration to prevent CIN. We included in the meta-analyses 44 RCTs investigating N-
acetylcysteine with intravenous saline versus intravenous saline with or without a placebo (37 
studies using only intra-arterial contrast media, 6 studies using intravenous contrast media, and 1 
study using both), 13 RCTs investigating the use of sodium bicarbonate versus intravenous saline 
(11 studies using only intra-arterial contrast media, one study using only intravenous contrast 
media, and one study using either intra-arterial or intravenous contrast media), four RCTs 
investigating use of intravenous sodium bicarbonate versus N-acetylcysteine plus intravenous 
saline (3 studies using intra-arterial contrast media, and one study using intravenous contrast 
media),  four RCTs investigating use of a statin versus a placebo (all studies using intra-arterial 
contrast media), four RCTs investigating use of an adenosine antagonist with intravenous saline 
versus intravenous saline alone (3studies using intra-arterial contrast media, and 1 study using 
intravenous contrast media), and three RCTs investigating use of hemodialysis versus 
intravenous saline alone (all studies using intra-arterial contrast media, one of which also 
included some patients receiving intravenous contrast media). The results of these studies were 
published between 1998 and 2013. 

Using a random effects model to pool studies comparing N-acetylcysteine with intravenous 
saline versus intravenous saline with or without a placebo, the overall pooled risk ratio (RR) for 
CIN was: 0.70 (95% confidence interval (CI): 0.50 to 1.0) for high-dose N-acetylcysteine (> 
1200 mg/day), indicating a small clinically important benefit with a number needed to treat of 21 
(CI: 13 to 172), and low strength of evidence; and 0.80 (95% CI: 0.60 to 0.90) for low-dose N-
acetylcysteine (1200 mg/day or less), indicating a small clinically unimportant effect . In 
sensitivity analyses, the pooled RR for CIN was: 0.70 (CI: 0.5 to 1.0) for high-dose N-
acetylcysteine when intra-arterial contrast media was used; 0.30 (CI: 0.1 to 1.1) for high-dose N-
acetylcysteine when intravenous contrast media was used; 0.80 (CI: 0.6 to 0.9) for low-dose N-
acetylcysteine when intra-arterial contrast media was used; 0.70 (CI: 0.3 to 1.4) for low-dose N-
acetylcysteine when intravenous contrast media was used; 0.70 (CI: 0.6 to 0.8) for N-
acetylcysteine when LOCM was used; and 1.20 (CI: 0.9 to 1.8) for N-acetylcysteine when IOCM 
was used based on a small set of five studies on patients with varying comorbidities. The CI was 
wide enough for N-acetylcysteine when IOCM was used to suggest possible harm without any 
indication of a clinically important benefit. When we examined how the RR estimates varied 
according to baseline characteristics of the study population, we did not observe any meaningful 
difference by age, baseline renal function, or the presence or absence of diabetes mellitus. The 
strength of evidence was low that N-acetylcysteine with intravenous saline did not differ from 
intravenous saline with or without a placebo in the need for renal replacement therapy, cardiac 
events, or length of hospitalization. Studies addressing these outcomes had medium study 
limitations, and were consistent, but imprecise. We found insufficient evidence to draw 
conclusions about the effect of N-acetylcysteine on mortality. 

In studies comparing intravenous sodium bicarbonate with intravenous saline, the overall 
pooled RR of CIN was 0.80 (95% CI: 0.5 to 1.2). The point estimate of the RR indicated a 
clinically unimportant difference in the risk of CIN. The associated CI ruled out a clinically 
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important increase in CIN, but did not rule the possibility of a clinically important decrease in 
CIN. The strength of evidence was low for this conclusion because the studies had medium study 
limitations with inconsistent results. The strength of evidence also was low that intravenous 
sodium bicarbonate did not differ from intravenous saline in mortality or the need for renal 
replacement therapy. Studies addressing these outcomes had medium study limitations, and were 
consistent, but imprecise. We found insufficient evidence to draw conclusions about how 
intravenous sodium bicarbonate compared to intravenous saline in the risk of cardiac events and 
length of hospitalization. 

In the RCTs comparing intravenous sodium bicarbonate with the combination of N-
acetylcysteine and intravenous normal saline, the pooled RR for CIN was 0.93, indicating no 
clinically important difference. However, the studies were inconsistent and the 95% confidence 
interval was so wide (0.40 to 2.1) that we cannot rule out the possibility of either an important 
decrease or important increase in risk. Therefore, the strength of evidence was insufficient to 
support a conclusion about the comparative effectiveness of these two interventions. The 
evidence also was insufficient to draw conclusions about potential differences between the two 
interventions in mortality, cardiac events need for renal replacement therapy, or length of 
hospitalization. 

The strength of evidence was moderate from studies that compared use of a statin plus 
intravenous fluids versus intravenous fluids alone, showing a clinically important and 
statistically significant reduction in CIN (pooled RR 0.5; 95% CI: 0.4 to 0.8) with a number 
needed to treat of 45 (95% CI: 30 to 217. Four studies with a total population of 3647 were 
included to reach this conclusion. These studies had a low to medium risk of bias, were designed 
to measure CIN as the primary outcome, and consistently showed a benefit in reducing CIN in 
favor of the statin drug with relatively precise estimates. The number needed to treat was higher 
for statins than for high-dose N-acetylcysteine despite having a lower RR estimate because of 
differences between the two groups of studies in the baseline risk of CIN. The strength of 
evidence was low that mortality and the need for renal replacement therapy did not differ 
between statins plus intravenous fluids versus intravenous fluids alone. . Studies addressing these 
outcomes had medium study limitations, and were consistent, but imprecise. We found 
insufficient evidence to draw conclusions about the effect of statins on cardiac events or length 
of hospital stay when given to prevent CIN. 

The strength of evidence was insufficient when studies compared adenosine antagonists plus 
intravenous saline with intravenous saline alone because the confidence interval was so wide that 
we could not rule out either a clinically important decrease or a clinically important increase in 
CIN (pooled RR 0.8, 95% CI: 0.1 to 8.2). The strength of evidence was insufficient to make 
conclusions about the impact of adenosine antagonists on the need for RRT, cardiac events,  
mortality, or length of hospitalization. 

The pooled analysis for the three studies of hemodialysis compared with intravenous saline 
yielded a pooled RR of 1.4, which is consistent with a clinically important increased risk of CIN. 
The corresponding 95% CI was 0.9 to 2.2, which is consistent with an increased risk or no 
important difference. Although the studies on hemodialysis had high risk of bias, the results were 
consistent enough and precise enough to provide low strength of evidence that hemodialysis does 
not reduce the risk of CIN when compared to intravenous saline. Two RCTs compared 
hemofiltration to intravenous saline and reported that patients with severe CKD may have a 
lower incidence of CIN with hemofiltration, but the strength of evidence was insufficient to 
support a conclusion. The strength of evidence was insufficient to make conclusions about the 
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impact of using hemodialysis or hemofiltration on mortality, cardiac events, the need for 
subsequent renal replacement therapy, or the length of hospitalization. 

Although we found many studies investigating other interventions (see Table A), the 
evidence generally was insufficient to support conclusions regarding the comparative 
effectiveness of those additional interventions. 

Table A. List of miscellaneous comparisons 

Intervention Comparisons 
N-acetylcysteine Dialysis, ascorbic acid, nebivolol, atorvastatin, 

aminophylline, theophylline, fenoldopam, 
misoprostol 

Intravenous sodium bicarbonate Acetazolamide, long-term versus short-term 
intravenous sodium bicarbonate, intravenous 
saline in five percent dextrose, oral sodium 
bicarbonate 

N-acetylcysteine plus intravenous sodium 
bicarbonate 

Intravenous saline and N-acetylcysteine, 
furosemide plus saline plus N-acetylcysteine, 
placebo plus sodium bicarbonate, sodium 
bicarbonate 

Diuretics (furosemide, mannitol, and acetazolamide) Intravenous saline 
Vasoactive agents (fenoldopam, calcium antagonists, 
angiotensin receptor blockers, angiotensin converting 
enzyme inhibitors, beta-blockers 

Intravenous saline 

Antioxidants (probucol , pentoxifylline) Different hydration regimens 
Fluid administration (various) Fluid administration (various) 
Dopamine (or dopamine plus furosemide) Dopamine, furosemide, mannitol, intravenous 

saline 

Discussion 

Of all the interventions that have been used in studies to reduce the risk of CIN, the only ones 
with evidence of a clinically important benefit over use of intravenous saline alone are high-dose 
N-acetylcysteine with intravenous saline (low strength of evidence with a number needed to treat 
ranging from 13 to 172) and statins with intravenous saline (moderate strength of evidence and 
number needed to treat ranging from 30 to 217). Intravenous sodium bicarbonate does not appear 
to be any more effective than intravenous saline (low strength of evidence) For other 
interventions and comparisons included in this report, the strength of evidence was insufficient to 
support a definite conclusion because, in general, the studies had important limitations, the 
comparators varied too much, the effects were inconsistent and imprecise, and the magnitude of 
effect was weak. Although usual care often involves administration of intravenous fluids, the 
evidence was insufficient to support a conclusion about the relative effectiveness of intravenous 
versus oral fluids, or whether fluids should be given before or after the procedure.   

Our review shows that most strategies for preventing CIN present insufficient evidence of 
benefit. For clinicians who want to reduce the risk of CIN in patients receiving LOCM or IOCM, 
the best evidence of potential benefit was seen with use of N-acetylcysteine or a statin. 

Despite the large body of evidence on N-acetylcysteine, the strength of evidence was low 
primarily due to limitations in the quality of many of the studies and inconsistency in results 
across studies, with the possibility of an effect too small to be clinically meaningful. The low 
strength of evidence helps to explain why N-acetylcysteine is not being used more often in 
clinical practice, and why professional organizations offer differing recommendations about the 
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use of N-acetylcysteine to prevent CIN. The joint American College of Cardiology/American 
Heart Association 2012 guideline recommends against use of N-acetylcysteine for patients 
receiving intra-arterial contrast in cardiac procedures, while the 2012 Kidney Disease: Improving 
Global Outcomes (KDIGO) Clinical Practice Guideline for Acute Kidney Injury recommends 
using oral N-acetylcysteine with intravenous fluids in patients at increased risk for CIN. Our 
review provides modest support for the conclusion that high-dose N-acetylcysteine may offer a 
small clinically important benefit in some settings, although we did not see a significant 
difference in effectiveness according to the baseline risk of CIN. Of note, N-acetylcysteine is 
inexpensive, and appears to be safe. 

The strength of evidence on statins was moderate, with a confidence interval suggesting at 
least a 20% relative reduction in the risk of CIN. Despite previous systematic reviews 
highlighting the existence of this evidence on the effectiveness of statins in lowering the risk of 
CIN, statins are not being used routinely in clinical practice to prevent CIN. Furthermore, we are 
not aware of any professional guidelines recommending their use for this indication. With 
increasing recognition of the beneficial cholesterol-independent vascular effects of statins, it may 
be time to reassess the role of statins in preventing CIN, especially since statins are readily 
available, easy to administer, and relatively inexpensive. 

Our analysis concluded that intravenous sodium bicarbonate did not produce a clinically 
important decrease in CIN compared with intravenous saline, contrary to the conclusion of a 
recent meta-analysis8 This difference in conclusions can be attributed to the fact that the other 
meta-analysis included five studies that used a combination of intravenous sodium bicarbonate 
and N-acetylcysteine, which we excluded from our analysis of the effects of sodium bicarbonate.  

Future Research 

Future studies of the comparative effectiveness of interventions for preventing CIN should 
stratify patients according to their baseline risk of CIN, especially since it may be difficult to 
detect a difference in patients having a low risk of CIN. Patients with normal or near normal 
serum creatinine may have a lower risk for developing CIN compared to those with higher serum 
creatinine levels. Also, patients with risk factors for CKD may have a higher risk of developing 
CIN than patients without such risk factors. Unfortunately, we had a limited ability to stratify the 
analysis according to baseline risk because almost all studies had a mixed patient population and 
did not report the results separately by baseline risk. 

Since the evidence for a small benefit from high-dose N-acetylcysteine was not strong, more 
research is needed in this area also. Future research could examine whether the effectiveness of 
high-dose N-acetylcysteine differs by route of administration (oral versus intravenous), timing of 
administration (before versus after the procedure), or baseline risk of developing CIN. Given the 
evidence that intravenous sodium bicarbonate did not produce a clinically important reduction in 
CIN compared with intravenous saline, and did not differ in head-to-head comparisons with N-
acetylcysteine, it may be difficult to justify additional RCTs of intravenous sodium bicarbonate 
unless new evidence emerges to suggest that particular regimens for administering sodium 
bicarbonate are more effective than the usual administration of intravenous saline, or that sodium 
bicarbonate has a benefit for particular groups of patients having a higher risk of developing 
CIN. The clinically important benefit of statins demonstrated in this analysis provides a rationale 
for further studies investigating whether the effect differs by statin dose, timing of 
administration, or baseline risk of the patient population. 
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Surprisingly little evidence exists on the comparative effectiveness of different regimens for 
giving fluids to patients receiving contrast media, despite the fact that current clinical practice 
often involves use of oral hydration alone for studies with intravenous contrast media. Oral 
hydration is a simple and potentially cost-effective strategy for preventing CIN, if shown to be as 
effective as intravenous saline. Unfortunately, very few studies investigated oral hydration 
versus intravenous saline. Hence, more studies are needed to investigate the effectiveness of oral 
hydration versus intravenous saline, especially for intra-arterial contrast procedures such as 
coronary angiography. 

Finally, it is very difficult to apply the existing evidence to patients receiving intravenous 
contrast media because the vast majority of studies focused on patients receiving intra-arterial 
contrast media. The risk of CIN may be low enough with the intravenous administration of 
LOCM and IOCM to make it very difficult to demonstrate the effectiveness of an intervention 
for preventing CIN. To determine the effectiveness of interventions for preventing CIN in 
patients receiving intravenous contrast media, it may be necessary to perform large studies of 
patients having risk factors for developing CKD. 

Conclusion 

Of all the interventions that have been used in studies to reduce the risk of CIN, the only ones 
with evidence of a clinically important benefit over use of intravenous fluids alone are high-dose 
N-acetylcysteine with intravenous saline (low strength of evidence) and statins with intravenous 
fluids (moderate strength of evidence). 
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Introduction 

Background 
Kidney failure is one of the most serious adverse effects that can occur after intra-vascular 

administration of contrast media in diagnostic or therapeutic procedures. The reported incidence 
of contrast- induced nephropathy (CIN) varies, but it is a leading cause of hospital-acquired 
kidney failure.1 CIN is usually defined as an impairment of renal function, with an increase in 
serum creatinine of more than 25 percent or 0.5 mg/dL within 3 days of intravascular 
administration of contrast media in the absence of an alternative etiology. Although renal 
function returns to normal in the majority of patients, it can progress to acute kidney injury and 
chronic kidney failure in a small proportion of patients who develop CIN. Clinicians are 
concerned about the risk of CIN because of increasing use of contrast media in radiologic and 
cardiologic procedures, and the high prevalence of populations vulnerable to CIN (i.e., people 
having chronic kidney disease, diabetes mellitus, or hypertension, as well as the elderly). Various 
types of imaging studies or procedures use intravenous or intra-arterial contrast media, including: 
intravenous pyelograms; brain, head and neck, body, or coronary computed tomograms (CT); 
cerebral, cardiac, or peripheral vascular angiograms; and radiologic therapeutic procedures. 
Contrast media is injected intravenous for CT and intra-arterial for angiograms and related 
interventional procedures. More than 62 million CT studies were performed in the United States 
in 2006 and the use of CT tripled between 1996 and 2010, from 52 studies per 1000 patients to 
149 studies per 1000 patients.2 

The reported incidence of CIN varies, but a reasonable overall estimate is that it occurs in 
about 2 percent of patients receiving intra-vascular contrast media.1 Variation in the populations 
studied makes it difficult to determine whether the incidence of CIN has increased over time. 
Most of the estimates are derived from invasive angiographic studies, over the last few decades, 
using intra-arterial contrast media, which may have a higher risk of CIN than imaging studies 
using intravenous contrast media. One problem in determining the precise incidence of CIN is 
that many patients do not remain hospitalized for enough time after contrast administration to 
make the diagnosis. In addition, the use of serum creatinine as a marker of renal function has its 
limitations. It is often difficult to exclude other possible etiologies of elevations in serum 
creatinine. Furthermore, the incidence may vary according to the osmolality of contrast media 
used. Although there is consensus that the risk of CIN is highest with high-osmolar contrast 
media (HOCM), which has an osmolality five to eight times higher than plasma osmolality, 
HOCM is no longer used in clinical practice. It is unclear whether or not the risk of CIN differs 
between low-osmolar contrast media (LOCM), which has an osmolality two to three times 
plasma osmolality, and iso-osmolar contrast media (IOCM), which is isotonic to plasma. It is 
also often difficult to distinguish the effects of contrast media from the effects of physiologic 
confounders that could elevate the serum creatinine in patients undergoing radiologic studies. 
For example, blood flow to the kidneys could be compromised by emboli or vascular 
compression from catheter manipulation.3, 4 

Numerous strategies to prevent CIN have been used, including: oral fluids; volume 
expansion with sodium chloride, sodium bicarbonate, or a combination of both; administration of 
N-acetylcysteine, statins, angiotensin converting enzyme (ACE) inhibitors, or angiotensin II 
receptor blockers; withdrawal of nonsteroidal anti-inflammatory drugs; withdrawal of 
metformin; and hemofiltration or hemodialysis. Recent meta-analyses on the topic have yielded 
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contradictory results.  A meta-analysis by Sun et al., 2013 concluded that the evidence on use of 
intravenous N-acetylcysteine to prevent CIN was too inconsistent to determine the efficacy.5 

Another meta-analysis, performed by Loomba et al., 2014,6 concluded that N-acetylcysteine may 
help to prevent CIN in patients undergoing coronary angiography, but does not have any impact 
on clinical outcomes such as need for dialysis or mortality.  A meta-analysis by Xie et al., 20147 

concluded that statins given before angiography are effective in preventing CIN, but the 
optimum dose and duration for statin use are unknown. A recent review of randomized 
controlled trials (RCTs) of sodium bicarbonate administration for prevention of CIN revealed the 
conflicting nature of the evidence, with some studies showing benefit and others showing no 
benefit.8 

In another meta-analysis, McDonald et al., 20134 concluded that the incidence of acute 
kidney injury was similar between patients receiving intravenous contrast media and patients 
receiving an imaging procedure without contrast media, raising the question of whether 
intravenous contrast media are even associated with an increased risk of CIN. With that question 
in mind, it is important to carefully examine the evidence on the effectiveness of interventions 
for preventing CIN while taking into consideration how the effectiveness may depend on the 
route of administration as well as the type of contrast media being used. 

Despite the number of previous reviews, uncertainty persists about several issues, including: 
1.	 The efficacy of oral fluids versus intravenous volume expansion in preventing CIN;9, 

10 

2.	 The optimal timing (pre- vs. post-contrast media administration or both), duration, 
and type of intravenous fluids used to prevent CIN11; 

3.	 The efficacy of low versus high dose N-acetylcysteine; 
4.	 The efficacy of a combination of interventions, such as N-acetylcysteine plus sodium 

bicarbonate; 
5.	 The efficacy of statins, taking into consideration dose and duration of the medication; 
6.	 The efficacy of vasoactive drugs; 
7.	 The efficacy of hemodialysis and hemofiltration relative to the invasive nature and 

cost of these interventions; 
8.	 Whether any intervention is needed for intravenous contrast media procedures when 

there is uncertainty about whether intravenous contrast media is associated with CIN; 
and 

9.	 Effect of the volume of contrast media administered, and the possibility of preventing 
CIN by keeping the volume of contrast media below a threshold. 

Guidelines around contrast media administration have been published by a number of 
organizations. The 2007 American College of Radiology practice guideline focused on the 
correct administration of contrast media and the patients who are most likely to benefit from 
using LOCM instead of HOCM, rather than the evidence for or against different preventive 
measures. Guidelines on the prevention of CIN were published in 2007 by the Canadian 
Association of Radiologists,13 and they were published following what they described as an “in-
depth literature search with critical review”; however, no further details were included about the 
methods. Guidelines were also issued in 2006 by the CIN Consensus Working Panel, an 
international multidisciplinary group; these guidelines were based on an evidence review through 
2005.14 The method of synthesis varied among these guidelines and many were based on 
consensus opinions of clinical experts. 

In light of the increasing use of contrast media in radiologic and cardiologic procedures, the 
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high prevalence of populations vulnerable to CIN (e.g., people having chronic kidney disease, 
diabetes mellitus, or hypertension as well as the elderly), and discrepant results from prior 
analyses, we sought to perform a comprehensive systematic review of this topic for the benefit of 
clinicians who wish to prevent CIN in patients undergoing imaging studies. 

Scope of the Review
We reviewed studies that assess the effectiveness of one or more measures for preventing 

CIN in patients receiving either IOCM or LOCM, the two types of contrast media still in regular 
use (Figure 1 and Table 1). We included studies that reported on specific short-term or long-term 
outcomes (Table 2). 
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Preventive Patients needing measures imaging with contrast (see Table 1) 
media intravenously 1PICOTS list) 

(KQ 1), or intra-
(KQs 1 & 2) arterially (KQ 2) 

CIN risk factor status 
(KQs 1 & 2): 

Immediate harms 
§ Delayed 

imaging
§ Extra imaging
§ Fluid overload
§ Heart failure

Intermediate outcomes 
§ CIN 

§ None 
§ CKD 
§ Diabetes 
§ Hypertension 
§ Cardiovascular 

disease 
§ Nephrotoxic drugs 

Short and long-term 
final outcomes of CIN 
§ AKI 
§ Hospitalization 
§ RRT 
§ CKD 
§ ESRD 
§ Mortality 

Short and long-term 
final outcomes of 
harms 
§ Hospitalization
§ Mortality 

4

Figure 1. Analytic framework comparing the benefits and harms of different methods used to prevent contrast-induced nephropathy in 
patients receiving low osmolar or iso-osmolar contrast media. 

AKI=acute kidney injury; CIN=contrast induces nephropathy; CKD=chronic kidney disease; ESRD=end stage renal disease; IOCM=iso-osmolar contrast media; KQ=Key 
question; LOCM=low-osmolar contrast media; RRT=renal replacement therapy 



 
 

   
      
 

              
    

   
            

           
    

       
         
      
      
      
   
     
   
       
           
              

     
 

         
 

   
          
           
             
             

     
   
      

    
       

  
     
  
   

      
        

      
       

       
     
    

        
  

      
          
          
      

      
         

       
    
       

    
    
          

       
 

Table 1 PICOTS (populations, interventions, comparisons, outcomes, setting and timing) criteria 
for defining the scope of the review. 

Populations ● All patients (including adults and children) undergoing procedures requiring LOCM or IOCM 
administration 

● All patients regardless of their risk of developing CIN (as defined by clinical or demographic 
risk factors such as age, cardiovascular and other comorbidity, Cr level, etc.) 

● Patients using contrast media for any type of imaging study 
Interventions ● IV volume expansion with NaCl 

● IV volume expansion with sodium bicarbonate 
● IV volume expansion with NaCl and sodium bicarbonate 
● IV or oral N-acetylcysteine, high-dose 
● IV fluids without pharmacologic agents 
● IV fluids with pharmacologic agents 
● Oral fluids 
● Oral statins (KQ2 only) 
● IV dopamine 
● IV fluids matched to urine output 
● Discontinuation of metformin because of concern about inducing lactic acidosis 
● Discontinuation of medications that could have adverse effects on kidney function (e.g., ACE 

inhibitors, angiotensin II receptor blockers, diuretics, and non-steroidal anti-inflammatory 
drugs) 

● Renal replacement therapy (RRT) (e.g., hemodialysis or hemofiltration) 
Comparators ● Usual care vs. any of the interventions listed above 
(see Table 2) ● Volume expansion with NaCl vs. volume expansion with sodium bicarbonate 

● Volume expansion with NaCl vs. volume expansion with NaCl and sodium bicarbonate 
● Volume expansion with sodium bicarbonate vs. volume expansion with NaCl and sodium 

bicarbonate 
● High-dose vs. low-dose N-acetylcysteine 
● Timing and duration of above 

Outcomes ● Short-term (≤7 days): 
a) Harms of prevention interventions 
o Imaging delay 
o Need for additional imaging 
o Fluid overload 
o Heart failure 

b) Renal function measures 
o Development of CIN as defined by change in Cr or change in GFR 

c) Renal disease-specific outcomes 
o Need for RRT (dialysis or hemofiltration) 

d) Other clinical outcomes 
o Mortality (in-hospital or within 7 days) 
o Cardiac outcomes 

e) Prolonged hospital stay 
● Long-term (>7 days): 

a) Renal function measures 
o Development of CKD, including end stage renal disease (ESRD) 
o Rate of conversion to CKD at 3 and 6 months 
o Chronic change in kidney function 

b) Renal disease-specific outcomes 
o Need for RRT (dialysis, hemofiltration, or kidney transplant) 

c) Other clinical outcomes 
o Cardiac outcomes 
o Mortality in-hospital or at 3 or 6 months 

Timing ● For short-term outcomes, any followup during hospitalization or within 7 days of procedure 
● For long-term outcomes, followup for more than 7 days 
● For observational studies, followup for at least 2 years. 

Setting ● Inpatient and outpatient 
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Table 1 PICOTS (populations, interventions, comparisons, outcomes, setting and timing) criteria 
for defining the scope of the review (continued). 

* Pharmacological agents of interest include: ACE inhibitors, ARBs, calcium antagonists, theophylline, aminophylline, 
dopamine, fenoldopam mesylate, atrial natriuretic peptide, statins, mannitol, MENSA fluid, allopurinol, furosemide, 
trimetazidine, anisodamine, probucol, and pentoxifylline. 

ACE=angiotensin-converting enzyme; CIN=contrast-induced nephropathy; CKD=chronic kidney disease; Cr=creatinine; 
ESRD=end-stage renal disease; GFR=glomerular filtration rate; IOCM=iso-osmolar contrast media; IV=intravenous; 
LOCM=low osmolar contrast media; NaCl=sodium chloride; RRT=renal replacement therapy 
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Table 2. Major interventions for preventing contrast-induced nephropathy, and main comparisons of interest (number of studies/total 
number of study participants). 

IV 
saline 

IV 
bicarb 

IV or oral 
NAC, 
high-
dose 

IV or oral 
NAC, low or 
high dose, 

plus IV 
bicarb 

IV fluids 
with 

pharmacolog 
ic agents† 

Adenosine 
antagonist 

s 
RRT-HD or 

HF 
Statin 

s IV dopamine 
IV saline 14/1932‡ 13/2167 14/1932 7/1838 16/2212 5/477 6/1149 8/4719 3/213 

IV 
bicarb 

4/631 

IV or oral NAC, 
low-dose 

31/5034 

IV or oral NAC, 
low or high dose 

55/ 
10,000 

5/742 23/5126 

*These are the comparisons that had sufficient evidence to merit inclusion in this systematic review.
† Pharmacological agents include: ACE inhibitors, angiotensin receptor blockers, calcium antagonists, theophylline, aminophylline, dopamine, fenoldopam mesylate, atrial 
natriuretic peptide, statins, mannitol, MENSA fluid, allopurinol, furosemide, trimetazidine, anisodamine, probucol, pentoxifline, and benazepril.
‡ Includes studies that compares all hydration regimens (oral and intravenous). 

ACE=angiotensin-converting enzyme; ARB=angiotensin II receptor blockers; bicarb=bicarbonate; intravenous bicarb=intravenous volume expansion with sodium bicarbonate; 
intravenous saline plus bicarb=intravenous volume expansion with saline and sodium bicarbonat 
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Key Question 

In patients undergoing imaging studies requiring intravenous or intra-arterial contrast media, 
what is the comparative effectiveness of interventions to prevent contrast-induced nephropathy 
(CIN), for the outcomes of incidence of CIN, chronic kidney disease (CKD), end stage renal 
disease (ESRD), mortality, and other adverse events? 

a.	 How does the comparative effectiveness of prevention measures vary by patient 
characteristics (known risk factors such as age, comorbidity, glomerular filtration rate 
[GFR], or creatinine level)? 

b.	 How does the comparative effectiveness of prevention measures vary according to the 
type of contrast media used (i.e., LOCM versus IOCM)? 

c.	 How does the comparative effectiveness of prevention measures vary by characteristics 
of the interventions (e.g., dose, duration, and timing)? 

Organization of This Report 

The following results section reports on a number of comparisons. We report in detail on 
comparisons for which substantial evidence exists. The comparisons are ordered according to the 
most commonly used preventive interventions (N-acetylcysteine plus intravenous saline versus 
intravenous saline, intravenous sodium bicarbonate versus intravenous saline, N-acetylcysteine 
plus intravenous saline versus intravenous sodium bicarbonate, statins plus intravenous saline 
versus intravenous saline, adenosine antagonists plus intravenous saline versus intravenous 
saline, and renal replacement therapy versus intravenous hydration). At the end of the results 
section, we refer to information about other “miscellaneous comparisons.” Details on those 
comparisons appear in an appendix. 
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Methods
 

Topic Refinement and Protocol Review
 
We developed the Key Question (KQ) with the input of a key informant panel that included 

experts in nephrology, radiology, cardiology, and primary care as well as representatives from 
the Food and Drug Administration and staff from the Agency for Health Care Research and 
Quality. We also recruited a technical expert panel to provide input on the protocol for the 
comparative effectiveness review. 

Literature Search Strategy 
We searched the following databases for primary studies through October 28, 2013: 

MEDLINE®, EMBASE®, and the Cochrane Library (see Appendix B for a detailed search 
strategy). We did not add any date limits to the search and developed a search strategy for 
MEDLINE, accessed via PubMed®, based on medical subject headings (MeSH®) terms and text 
words of key articles that we identified a priori. The search was not limited by language. In 
addition, we looked for conference proceedings and other reports by searching the Scopus 
database. We reviewed the reference lists of relevant articles and related systematic reviews to 
identify original journal articles and other reports the database searches might have missed. 
Scientific Information Packages were requested from a number of industry 
representatives/manufacturers, but no information was provided. We also searched 
ClinicalTrials.gov to identify on-going studies. We did not search for data held by the U.S. Food 
and Drug Administration (FDA). The FDA has not approved any interventions for the prevention 
of CIN. 

We uploaded articles into DistillerSR (Evidence Partners, Ottawa, Ontario, Canada), a Web-
based service for systematic review and data management. We used this database to track search 
results at the levels of title review, abstract review, article inclusion/exclusion, and data 
abstraction. 

Study Selection 
We followed the PICOTS framework (Table 1) in developing the criteria for including 

studies in the review, and included studies of patients of all ages with low, moderate, or high risk 
of developing CIN. We anticipated heterogeneity in the pre-procedure risk assessment and 
reported on the heterogeneity as it was defined by the studies, which had to assess serum 
creatinine or GFR prior to and after contrast media injection. We only included studies in which 
the intervention group received either IOCM or LOCM via intravenous or intra-arterial injection. 
Studies had to report on at least one of the outcomes listed in the PICOTS framework. We 
included RCTs of comparisons detailed in the PICOTS, but focused the review on comparisons 
for which two or more studies reported on the same comparison. When we found interventions 
for which the comparisons were too heterogeneous to support an overall conclusion, we included 
a summary of the studies in the main report and placed details in the appendices. 

In our protocol, we planned to consider observational studies if no RCTs addressed a 
comparison of interest. We did not include observational studies in the final report because RCTs 
were available on the comparisons of interest. 

We evaluated previous systematic reviews on this topic to determine the extent to which they 
addressed our specific KQs. 
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Data Extraction 
Due to the volume of literature, we first screened titles and then screened abstracts for 

relevance to the KQs. The titles and abstracts were screened independently by two reviewers. 
Inclusion at the title screening level was liberal; if a single reviewer believed an article might 
contain relevant information, the article was moved to the abstract level for further screening. 
When reviewing abstracts followed by the full text of articles, both reviewers had to agree on 
inclusion or exclusion. Disagreements that could not be resolved by the two reviewers were 
resolved by a third expert member of the team (see Appendix C for screening forms). At random 
intervals during screening, quality checks by senior team members were performed to ensure that 
the eligibility criteria were applied consistently. 

Quality (Risk of Bias) Assessment of Individual Studies
Two reviewers independently assessed each study’s risk of bias using five items from the 

Cochrane Risk of Bias tool for randomized studies: 
● Was the allocation sequence adequately generated? 
● Was allocation adequately concealed? 
● Was knowledge of the allocated intervention adequately prevented during the study? 
● Were incomplete outcome data adequately addressed? 
● Are reports of the study free of suggestion of selective outcome reporting? 
Answers of “Yes” were given a score of one, and answers of “No” or “Unclear” were given a 

score of zero. To simplify the presentation of the assessments of study quality for the grading of 
the strength of evidence, we combined the ratings of the five items into an overall rating of 
potential risk of bias as low, medium, or high. We used the assessment of the first three items 
(covering selection bias and performance/detection bias) as the starting point, with a cumulative 
score of three designated as low risk of bias, two or one as medium risk of bias, and zero as high 
risk of bias. The overall rating of risk of bias was downgraded if there was also a concern about 
either incomplete reporting or selective outcome reporting. When assessing the risk of bias, we 
focused on the main outcome of interest, CIN, an outcome that is objectively measured by 
laboratory testing. 

Data Synthesis
We reviewed primary studies, as defined by our inclusion criteria, as well as recent meta-

analyses, and we performed de novo meta-analyses. The de novo meta-analyses included all 
studies that met our inclusion criteria. Prior to conducting meta-analyses, clinicians discussed 
differences in the study design and reporting to identify characteristics that would limit the 
clinical meaningfulness of pooled results, such as the variability in outcome definitions, type of 
contrast media used, and route of contrast media administration. Differences in these items either 
prevented the statistical pooling with meta-analysis or were used to stratify the meta-analysis 
estimates. Pooled risks were calculated using a random effects model using the method of 
DerSimonian and Laird.16 Statistical heterogeneity was assessed using the I-squared statistic. 
When the I-squared value was greater than or equal to 50%, or the p-value was 0.2 or less, the 
clinicians were asked to re-evaluate the studies for clinical heterogeneity and decide if the meta-
analysis should be reported despite statistical heterogeneity. After reviewing the available 
evidence on all of the comparisons of interventions for preventing CIN, we felt that the 
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heterogeneity across comparisons and the differences between reference groups were too great to 
support a network meta-analysis. 

In many of the studies, the intervention group or the comparison group received more than 
one intervention. Therefore, we stratified the analyses according to the comparisons that were 
made, taking into consideration whether the intervention group or comparison group received 
more than one intervention. For example, we performed separate analyses for the following 
comparisons: N-acetylcysteine with intravenous saline versus intravenous saline with or without 
placebo; N-acetylcysteine with intravenous saline versus intravenous sodium bicarbonate; and N-
acetylcysteine with intravenous sodium bicarbonate versus other interventions. The most 
common co-intervention was administration of fluids. We specified what type of fluids was 
given whenever that was part of the intervention. For the analyses of N-acetylcysteine, all of the 
studies included intravenous fluids as a co-intervention with N-acetylcysteine, so we could not 
do a network meta-analysis or meta-regression to assess the effect of the co-intervention. 

We used Harbord’s Modified Test for Small Study Effects to determine whether there was 
asymmetry in effect estimates when plotted against the standard error of the estimates, which can 
occur when publication bias exists. 

Minimally Important Difference
To assess the clinical importance of differences in the incidence of CIN, a binary outcome, 

we followed guidance for selecting a minimally important difference based on the overall 
observed event rate in the studies.17 Taking into consideration the potential effect of CIN on a 
patient’s overall health and well-being, the clinical experts on our team decided that a relative 
risk reduction of 25% would be clinically important, which is consistent with the guidance 
suggesting a relative risk reduction of 20% to 30% in determining optimal information size. 

Strength of the Body of Evidence
The team graded the strength of evidence on comparisons of interest for the key outcomes, 

focusing mainly on the incidence of CIN, for which the most evidence was available. We used 
the grading scheme recommended in the Methods Guide, and considered all domains:  study 
limitations, directness, consistency, precision, reporting bias, and magnitude of effect (Methods 
Guide).18 Following the guidance of the GRADE Working Group,17 we rated evidence as precise 
if the total number of patients exceeded an optimum information size, and the 95% confidence 
interval (CI) excluded a risk ratio of 1.0. We rated the evidence as imprecise if the 95% CI did 
not exclude the possibility of a clinically important benefit or harm (i.e., RR less than 0.75 or 
greater than 1.25) despite having an optimum information size.  For the main outcome of 
interest, CIN, we used an optimum information size of 2000 based on an expected 0.1 probability 
of CIN in the comparison group and a minimally important relative difference of 25%. For less 
frequent adverse outcomes, we used an optimum information size of 10,000 based on an 
expected 0.02 probability in the comparison group and a minimally important relative difference 
of 25%. We classified the strength of evidence pertaining to each comparison into four grades: 
high, moderate, low, and insufficient. The body of evidence was considered high grade if study 
limitations were low and there were no problems in any of the other domains, and subsequently 
downgraded for each domain in which a problem was identified. If only one study was available 
for a given comparison, we downgraded the evidence for having unknown consistency. If the 
magnitude of effect was very large, the strength of evidence could be upgraded. 
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Applicability 
We considered elements of the PICOTS framework (Table 1) when evaluating the 

applicability of evidence to answer our Key Question as recommended in the Methods Guide.18 

This includes important population characteristics, treatment characteristics, and settings that 
may cause heterogeneity of treatment effects and limit applicability of the findings. 
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Results
 

Results of the Literature Search
 
The literature search identified 10,908 unique citations, and we ultimately found 135 

interventional studies that met the eligibility criteria (Figure 2 and Appendix D). None of the 
previous systematic reviews we found addressed the overall objectives of this review well 
enough to serve as the basis for an update instead of a comprehensive de novo review. 

Key Question: In patients undergoing imaging studies requiring intravenous 
or intra-arterial contrast media, what is the comparative effectiveness of 
interventions to prevent contrast-induced nephropathy (CIN), for the 
outcomes of incidence of CIN, chronic kidney disease (CKD), end stage 
renal disease (ESRD), mortality, and other adverse events? 

Key Points 
•	 The strength of evidence was low that high-dose N-acetylcysteine (> 1200 mg/day) was 

effective for the prevention of CIN when compared with intravenous saline; the overall 
pooled risk ratio (RR) for CIN was 0.70 (95% CI: 0.50 to 1.0), indicating a small, 
clinically important benefit for high dose N-acetylcysteine, with a number needed to treat 
of 21 (95% CI: 13 to 172). 

•	 The strength of evidence was low that low-dose N-acetylcysteine (1200 mg/day or less) 
had a small effect on the risk of CIN when compared with intravenous saline; the overall 
pooled RR for CIN was 0.80 (95% CI: 0.60 to 0.90), indicating that the risk of CIN was 
decreased, but by an amount that tended not to be clinically important. 

•	 The strength of evidence was low that intravenous sodium bicarbonate did not differ from 
intravenous saline in the risk of CIN; the overall pooled RR for CIN was 0.8 (95% CI: 
0.5 to 1.2), with a point estimate indicating a clinically unimportant difference, and a 
wide CI that only ruled out an important increase in CIN without ruling out the 
possibility of an important decrease in CIN. 

•	 The strength of the evidence was insufficient about whether N-acetylcysteine differed 
from sodium bicarbonate in the prevention of CIN. 

•	 The strength of the evidence was moderate that statins produced a small to medium 
reduction in CIN when compared to intravenous saline alone for the prevention of CIN; 
the overall pooled RR was 0.5 (95% CI: 0.4 to 0.8) with a number needed to treat of 45 
(95% CI: 30-217). 

•	 The evidence was insufficient evidence to determine whether adenosine antagonists are 
effective at preventing CIN. 

•	 The strength of the evidence was low that hemodialysis does not reduce CIN and may 
even be harmful (RR 1.4; 95% CI: 0.9 to 2.2). 
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Figure 2. Screening flow 
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N-acetylcysteine plus Intravenous Saline versus Intravenous 
Saline with or without Placebo 

Although the pathophysiology of CIN is not completely understood, it is thought that renal 
medullary ischemia and direct toxicity to renal tubules by oxygen free radicals may contribute. 
N-acetylcysteine is a direct scavenger of free radicals and improves blood flow through nitric 
oxide–mediated pathways, which results in vasodilation, so both the antioxidant and vasodilatory 
properties of N-acetylcysteine are thought to provide protection against CIN. 

Although early studies showed benefits of N-acetylcysteine in patients receiving HOCM or 
LOCM, subsequent studies and meta-analyses offer mixed results concerning the efficacy of N-
acetylcysteine for prevention of CIN. It is possible that the effectiveness of N-acetylcysteine 
depends on the administered dose and route of administration of N-acetylcysteine, the osmolality 
of contrast media and its route of administration, and study population characteristics. 

Study Characteristics 
A total of 63 studies were identified that compared N-acetylcysteine to intravenous saline. Of 

these studies, 57 reported on CIN directly, and six reported on serum creatinine or GFR without 
reporting the incidence of CIN. Of the 57 studies reporting on CIN directly, we found 44 RCTs 
of N-acetylcysteine plus intravenous saline versus intravenous saline with or without placebo, 
published between 2002 and 2013, which we could include in a meta-analysis. The number of 
patients in each trial ranged from 40 to 499, and the study populations across the studies were 
very heterogeneous. Study patients had renal dysfunction at baseline (defined as baseline serum 
creatinine greater than 1.2 mg/dl) in 28 studies.19-46 Sixteen studies included patients with cardiac 
risk factors and a general population which included a mixture of patients with and without renal 
dysfunction.47-62 

Across all of the studies, a total of 3207 patients received intravenous saline with or without 
placebo, and 3185 patients received N-acetylcysteine. The route and dose of N-acetylcysteine 
varied between studies. A total of 32 studies administered N-acetylcysteine orally,21-25, 27, 28, 30-41, 

43-46, 49, 51-53, 55, 57, 58, 60, 62 11 studies administered N-acetylcysteine intravenous,19, 20, 26, 29, 42, 47, 48, 

50, 54, 59, 61 and one study used a combination of intravenous and oral N-acetylcysteine. 56 Thirty 
studies19-25, 27-30, 34-36, 38-41, 43, 44, 46, 47, 49, 52, 55, 57, 58, 60, 61 used a low dose of N-acetylcysteine (1200 
mg/day or less), and 13 studies used a higher dose (greater than 1200 mg/day). 26, 31-33, 37, 42, 45, 48, 

50, 51, 53, 54, 59 One study had one arm with low-dose N-acetylcysteine, and a second arm with high-
dose N-acetylcysteine, and a control arm that received a placebo in intravenous saline.56 

Contrast media was administered intravenous in six studies26, 41, 44, 47, 55, 60 and intra-arterial in 
38 studies. Five studies used IOCM,22, 35, 42, 50, 55 33 used LOCM, five used either  IOCM or 
LOCM21, 27, 38, 58, 62 and one used IOCM, LOCM, or HOCM.45 

Variation existed in the protocols for giving fluids, with studies using 0.45% saline; normal 
saline; 5% dextrose in normal saline, or alone; or Ringer’s lactate solutions. Varying volumes 
were administered in the studies. The studies used three definitions of CIN: 0.5 mg/dl absolute 
increase, 25 percent increase in serum creatinine, or a combination of both. All of the studies 
except one measured the change in serum creatinine between 48 and72 hours. One59 measured 
the change in serum creatinine at 24 hours after contrast media administration (Appendix E, 
Evidence Table 1-3, 4). 
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Contrast-induced Nephropathy 
The 44 RCTs comparing N-acetylcysteine plus intravenous saline to intravenous saline with 

or without placebo in the reduction of CIN showed a range of results, including:  five reported a 
clinically important reduction in the risk of CIN, 20 reported a clinically important reduction in 
the risk of CIN that was not statistically significant, five did not show a clinically important 
reduction in the risk of CIN, 11 did not show a clinically important increased risk of CIN, two 
showed a clinically important increased risk of CIN that was not statistically significant, and one 
showed a clinically and statistically significant increased risk of CIN. 

The pooled risk ratio of CIN, using a random effects model, for high-dose N-acetylcysteine 
(> 1200 mg/day) was 0.70 (95% CI: 0.50 to 1.0; 12 studies), indicating that, on average, the 
benefit is at a level consistent with a clinically important reduction in CIN; however the CI did 
not rule out an unimportant difference (Figure 3). This is consistent with a number needed to 
treat of 21 (95% CI: 13 to 172. There was moderate statistical heterogeneity across studies with 
an I2 of 37.3%. The RR for CIN from the 13 studies using intra-arterial contrast media and high-
dose N-acetylcysteine was 0.70 (95% CI: 0.5 to 1.0), while only one study used intravenous 
contrast media and high-dose N-acetylcysteine and the results were too imprecise to draw 
conclusions (RR 0.30; 95% CI: 0.1 to 1.10). The strength of the evidence was low that high-dose 
N-acetylcysteine was more effective at preventing CIN than a placebo or usual care (Table 3). 

The pooled RR for CIN using a random effects model for low-dose N-acetylcysteine (1200 
mg/day or less) was 0.80 (95% CI: 0.60 to 0.90; 30 studies), indicating that, on average, the 
small difference is at a level consistent with a clinically unimportant reduction in CIN (Figure 4). 
The statistical heterogeneity of the studies was low, with an I-squared (I2) of 0.5%. The RR for 
the five studies using intravenous contrast media and low-dose N-acetylcysteine was 0.70, but in 
this small subset of studies the 95% CI was so wide that we cannot rule out a clinically important 
increased risk (95% CI: 0.3 to 1.4; 5 studies). For 26 studies using intra-arterial contrast media 
and low-dose N-acetylcysteine, the RR was 0.80 (95% CI: 0.6 to 0.90) indicating that, on 
average, the benefit is at a level consistent with a clinically unimportant reduction in CIN. Using 
Harbord’s Modified Test for Small Study Effects, we did not find evidence of asymmetry in 
results by study precision (bias coefficient of -0.30, standard error of 0.43, p=0.49). Overall, the 
strength of the evidence was low about the small effect of low-dose N-acetylcysteine in 
preventing CIN compared with a placebo or usual care (Table 3). 

We performed stratification analyses to investigate the influence of contrast media osmolality 
on the effect of N-acetylcysteine. The pooled risk ratio of CIN, using a random effects model, for 
5 studies using LOCM was 0.70 (95% CI: 0.6 to 0.8) indicating that, on average, the difference is 
consistent with a clinically important reduction in CIN with N-acetylcysteine in patients 
receiving LOCM, but the CI does not rule out a clinically unimportant difference. The statistical 
heterogeneity across studies was low, with an I2 of 14.2 percent. The pooled RR for CIN from 
five studies of N-acetylcysteine using IOCM was 1.20 (95% CI: 0.9 to 1.8), The confidence 
interval was wide enough for N-acetylcysteine when IOCM was used to suggest possible harm 
without any indication of a clinically important benefit (Figure 5). The pooled RR for CIN from 
four studies of N-acetylcysteine using a mixture of IOCM and LOCM was 0.80 (95% CI: 0.4 
to1.5), with a CI so wide that we cannot rule out either a clinically important reduction in risk or 
a clinically important increase in risk. The estimates of effect are remarkably stable across 
different types of studies with a 20 to 30 percent reduction which is near the edge of clinical 
significance. The variation is mainly in the confidence intervals, which is likely due to variation 
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in the number of people in the different studies. We used Harbord’s Modified Test for Small 
Study Effects and found no evidence of asymmetry in results by study precision (bias coefficient 
of -0.66, standard error of 0.78, p=0.42) 

We also performed stratification analyses to investigate the influence of the route of N-
acetylcysteine administration. The pooled RR for CIN, using a random effects model, for 
patients who received oral N-acetylcysteine was 0.70 (95% CI: 0.6 to 0.9), indicating that, on 
average, the difference was clinically important, but the CI does not rule out a clinically 
unimportant reduction in risk. The pooled RR for CIN for patients who received intravenous N-
acetylcysteine was 0.90 (95% CI: 0.7 to 1.1), indicating that the difference is not clinically 
important (Figure 6). 

Our sensitivity analysis, which removed one study at a time, did not show any significant 
impact on the estimated effect of N-acetylcysteine. There was no trend in the effect size by year 
of the study publication (Figure 3). Thirteen of the 57 studies reporting on CIN were not 
included in the meta-analyses for a variety of reasons, including missing data, dosage 
differences, inclusion criteria difference (see Appendix E, Evidence Table 5). In addition to the 
studies that reported on the incidence of CIN, we found six studies that reported on changes in 
serum creatinine (Appendix E, Evidence Table 6) and/or GFR (Appendix E, Evidence Table 7) 
without reporting on the incidence of CIN. In those six studies, the mean change in serum 
creatinine or GFR did not differ enough between groups to meet the definition of CIN. 

When we examined how the RR estimates varied according to baseline characteristics of the 
study population, we did not observe any meaningful difference by age, baseline renal function, 
or the presence or absence of diabetes mellitus. 

Other Outcomes 
Of the 63 studies investigating development of CIN when comparing N-acetylcysteine plus 

intravenous saline against a placebo with or without intravenous saline, 43 also included data on 
secondary outcomes. Twenty-three reported data on patients’ need for renal replacement therapy 
(RRT),20, 22, 25, 28, 29, 31, 33, 37-40, 43, 47, 56-58, 63-69 seven reported data on cardiac events,23, 25, 31, 32, 54, 64, 

6814 of those 30 studies reported data on mortality,20, 22, 28, 31, 47, 50, 54, 56-58, 61, 63, 65, 69 and eight 
reported data on length of hospitalization (Appendix E, Evidence Table 8).20, 33, 36, 50, 51, 61, 65, 68 

The strength of the evidence was low that N-acetylcysteine plus intravenous saline does not 
differ from placebo with or without intravenous saline at decreasing the need for RRT, cardiac 
events, or the length of hospitalization. (Table 3, Appendix E, Evidence Table 8). The studies in 
each of these outcome groups had medium study limitations, were direct, and consistent in the 
direction of impact of N-acetylcysteine. All were downgraded for imprecision. One study, 
Marenzi, et al.,2006,56reported a statistically significant and clinically important difference in 
mortality between the placebo arm and the N-acetylcysteine arms, with more in-hospital deaths 
in the placebo arm (placebo: 13/119 (11%); standard dose N-acetylcysteine: 5/115 (4%); high 
dose N-acetylcysteine: 3/118 (3%), p=0.007).56 Two studies reported significant findings for 
length of hospitalization. Hsu, et al., 200768 showed a statistically significant and clinically 
important reduction in length of hospitalization in the N-acetylcysteine arm (placebo:  mean 8.1 
days (standard deviation [SD] 4.1); low dose N-acetylcysteine: mean 5.2 days [SD 1.5], 
p=0.04).68 Kay, et al., 200336 also showed a statistically significant reduction in length of 
hospitalization in the N-acetylcysteine arm, but the difference was not clinically important 
(placebo:  mean 3.9 days (SD 2.0); low dose N-acetylcysteine: mean 3.4 days (SD 0.9), 
p=0.02).36 No statistically significant differences were reported for cardiac events. 
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The strength of the evidence was insufficient to determine whether any difference in 
mortality exists between N-acetylcysteine plus intravenous saline compared with placebo with or 
without intravenous saline. The studies reporting on mortality had medium study limitations, and 
were inconsistent and imprecise regarding the effectiveness of N-acetylcysteine (Table 3, 
Appendix E, Evidence Table 8). 

Adverse events were mentioned in 26 studies. Data was only recorded if a specific adverse 
event was reported or the study reported no adverse events (Appendix E, Evidence Table 9). 
Adverse events were not reported in a standardized manner and rarely were they analyzed in 
these studies, so we were not able to draw any firm conclusions about whether the incidence of 
adverse events differed between N-acetylcysteine with intravenous saline versus placebo without 
or without intravenous saline. 
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CIN events, N (%) 
RR (95% CI) 

Author, year Population NAC Hydration NAC Hydration 

IA 

Durham, 2002 Renal dysfunction NAC + 1/2NS 1/2NS 10(26.32) 9(21.95) 1.2 (0.5, 2.6) 

Kefer, 2003 General Placebo + dextrose 2(3.77) 3(5.88) 0.7 (0.1, 3.8) 
Oldemeyer, Renal dysfunction NAC + 1/2NS Placebo + 1/2NS 4(8.16) 3(6.38) 

NAC + dextrose 
1.3 (0.3, 5.3)
 

2003
 
Goldenberg, 2004 Renal dysfunction NAC + 1/2NS Placebo + 1/2NS 4(9.76) 3(7.69) 1.2 (0.3, 5.2) 
Ochoa, 2004 NS 3(8.33) 11(25.0) Renal dysfunction 0.4 (0.1, 1.3) 
Miner, 2004 Renal dysfunction Placebo + 1/2NS 9(9.47) 19(22.35) 

NAC + NS 
0.5 (0.2, 1.0) 

Marenzi, 2006 
NAC + 1/2NS 

0.3 (0.2, 0.6) 
Ratcliffe, 2009 Renal dysfunction NAC + NS NS + dextrose 1(4.76) 1(6.67) 

Cardiac disease NAC + NS Placebo + NS 10(8.47) 39(32.77) 

0.7 (0.0, 10.8) 
and/or DM + dextrose Kinbara, 2010 Cardiac disease NS 0(0.00) 4(26.67) 0.1 (0.0, 2.4) NAC + NS 

Thiele, 2010 0.7 (0.4, 1.3) Cardiac disease Placebo + NS 18(14.29) 25(20.33) NAC + NS 
Tanaka, 2011 Placebo + 2(5.26) 5(13.16) 0.4 (0.1, 2.1) Cardiac disease NAC + Ringer's lactate Ringer's lactate Aslanger, 2012 27(25.0) 23(23.23) 1.1 (0.6, 1.7) Cardiac disease Placebo + NS NAC + NS 
Jaffery, 2012 Placebo + NS 33(16.02) 25(13.02) 1.2 (0.7, 1.9) Cardiac disease NAC + NS
 

+dextrose
 0.7 (0.5, 1.0) Subtotal (I-squared = 35.3%, p = 0.100) 

in 
2(4.55) 9(20.93) 0.3 (0.1, 1.1) Poletti, 2007 Renal dysfunction Placebo NAC + 1/2NS (NS) + 1/2NS 

Subtotal (I-squared = .%, p = .) 
+ E.R. 

0.3 (0.1, 1.1) 

0.7 (0.5, 1.0) Overall (I-squared = 37.3%, p = 0.078)
 

NOTE: Weights are from random effects analysis
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Figure 3. Meta-analysis of high-dose* N-acetylcysteine plus intravenous saline versus intravenous saline with or without placebo for the 
prevention of contrast-induced nephropathy.

.001 .2 .5 1 2 5 15 
← Favors High Dose NAC Favors Hydration → 

Risk Ratio and 95% Confidence Intervals 
%=percent; 1/2NS=0.45% saline; CI=confidence interval; CIN=contrast-induced nephropathy; DM=diabetes mellitus; ER=emergency room; IA=intra-arterial; IV=intravenous; 
N=sample size; NAC=N-acetylcysteine; NS=normal saline; P=p-value; RR=risk ratio 
*High dose NAC refers to studies that administered more than 1200mg NAC daily to participants 
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.001 .2 .5 1 2 5 15 

NOTE: Weights are from random effects analysis 

. 

Overall (I-squared = 0.0%, p = 0.506) 

Amini, 2009 

IA 

Castini, 2010 

Reinecke, 2007 
Kimmel, 

Briguori, 2002 

Baskurt, 2009 

Gomes, 2005 

Allaqaband, 2002 

Gulel, 2005 

Subtotal (I-squared = 39.0%, p = 0.161) 

Sadat, 2011 

IV 

Author, year 

Hsu, 2012 

Carbonell, 2010 

Carbonell, 2007 

Tepel, 2000 

Azmus, 2005 

Marenzi, 2006 

MacNeill, 

Ferrario, 2009 

Kotlyar, 2005 

Kay, 2003 

Khalili, 2006 

Seyon, 2007 

Boccalandro, 2003 

Alioglu, 2013 
Brueck, 2013 

Izani Wan Mohamed, 2008 

Kim, 2006 

Holscher, 2008 

Demir, 2008 

Shyu, 2002 

Ozcan, 2007 

Subtotal (I-squared = 0.0%, p = 0.616) 

Renal dysfunction 

General 

Renal dysfunction 
Rena 

Renal dysfunction 

Renal dysfunction 

Renal dysfunction or DM 

Renal dysfunction 

Renal dysfunction 

General 

Population 

E.R. 

Renal dysfunction 

General 

Renal dysfunction 

General 

Cardiac disease 

Renal dysfunction 

Renal dysfunction 

Renal dysfunction 

Renal dysfunction 

Renal dysfunction 

Renal dysfunction + ACS 

Renal dysfunction 

General 
Renal dysfunction 

Renal dysfunction 

General 

Renal dysfunction 

General 

Renal dysfunction 

Renal dysfunction + CAD 

NAC + NS 

NAC + NS 

NAC + NS + glucose 
NAC + 1/2NS 

NAC + 1/2NS 

NAC + NS 

NAC + NS 

NAC + 1/2NS 

NAC + NS 

NAC + NS 

NAC 

NAC + NS 

NAC + 1/2NS 

NAC + 1/2NS 

NAC + 1/2NS 

NAC + NS 

NAC + NS 

NAC + NS 

NAC + NS 

NAC + NS 

NAC + NS 

NAC + NS 

NAC + 1/2NS 

NAC + 1/2NS 

NAC + 1/2NS 
NAC + NS 

NAC + 1/2NS 

NAC + NS 

NAC + NS + glucose 

NAC + NS 

NAC + 1/2NS 

NAC + NS 

Placebo + NS 

NS 

NS + glucose 
Placebo + 1/2NS 

1/2NS 

NS 

Placebo + NS 

1/2NS 

NS 

NS 

Hydration 

NS 

Placebo + 1/2NS 

Placebo + 1/2NS 

Placebo + 1/2NS 

Placebo + NS 

Placebo + NS 

Placebo + NS 

Placebo + NS 

NS 

Placebo + NS 

NS 

Placebo + 1/2NS 

Placebo + 1/2NS 

1/2NS 
Placebo + NS 

1/2NS 

NS 

NS + glucose 

NS 

Placebo + 1/2NS 

NS 

5 (11.11) 

8 (15.09) 

6 (5.26) 
1 (5.26) 

6 (6.52) 

7 (9.59) 

8 (10.39) 

8 (17.78) 

3 (12.0) 

1 (4.76) 

NAC 

12 (11.32) 

2 (5.13) 

11 (10.28) 

1 (2.44) 

14 (7.14) 

7 (6.09) 

1 (4.76) 

8 (8.08) 

0 (0) 

4 (3.92) 

5 (14.29) 

1 (5.0) 

10 (13.7) 

6 (12.24) 
53 (27.6) 

2 (4.08) 

3 (3.75) 

6 (4.31) 

1 (5.0) 

2 (3.33) 

11 (12.5) 

6 (13.33) 

4 (7.84) 

7 (6.09) 
2 (11.76) 

10 (11.0) 

5 (6.94) 

8 (10.13) 

6 (15.0) 

2 (8.0) 

3 (15.79) 

Hydration 

20 (19.42) 

10 (23.81) 

11 (10.09) 

9 (21.43) 

17 (8.46) 

39 (32.77) 

7 (31.82) 

6 (5.94) 

0 (0) 

12 (12.24) 

12 (34.29) 

2 (10) 

13 (12.26) 

11 (17.19) 
62 (32.12) 

6 (11.76) 

7 (8.14) 

10 (7.19) 

0 (0) 

15 (24.60) 

12 (13.64) 

0.8 (0.6, 0.9) 

0.9 (0.3, 2.6) 

1.8 (0.6, 5.7) 

0.9 (0.3, 2.5) 
0.5 (0.0, 4.8) 

0.6 (0.2, 1.6) 

1.3 (0.4, 4.1) 

1.0 (0.4, 2.6) 

1.2 (0.4, 3.1) 

1.4 (0.3, 8.0) 

0.7 (0.3, 1.4) 

0.3 (0.0, 3.0) 

RR (95% CI) 

0.6 (0.3, 1.2) 

0.3 (0.1, 1.1) 

1.0 (0.5, 2.3) 

0.1 (0.0, 1.0) 

0.9 (0.4, 1.7) 

0.5 (0.3, 0.9) 

0.2 (0.0, 1.4) 

1.3 (0.5, 3.7) 

(Excluded) 

0.3 (0.1, 1.0) 

0.5 (0.2, 1.3) 

0.5 (0.1, 5.4) 

1.1 (0.5, 2.4) 

0.7 (0.3, 1.9) 
0.9 (0.6, 1.2) 

0.4 (0.1, 1.8) 

0.5 (0.1, 1.8) 

0.6 (0.2, 1.7) 

2.9 (0.1, 66.4) 

0.2 (0.0, 0.7) 

0.9 (0.4, 2.0) 

0.8 (0.6, 0.9) 

←Favors Low Dose NAC Favors Hydration-→ 

Risk Ratio and 95% Confidence Intervals 

CIN events, N (%) 
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Figure 4. Meta-analysis of low dose* N-acetylcysteine plus intravenous saline versus intravenous saline with or without placebo for the 
prevention of contrast-induced nephropathy. 
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Figure 4. Meta-analysis of low dose* N-acetylcysteine plus intravenous saline versus intravenous saline with or without placebo for the 
prevention of contrast-induced nephropathy (continued). 

%=percent; 1/2NS=0.45% saline; ACS=acute coronary syndrome; CAD=coronary artery disease; CI=confidence interval; CIN=contrast-induced nephropathy; DM=diabetes 
mellitus; ER=emergency room; IA=intra-arterial; IV=intravenous; N=sample size; NAC=N-acetylcysteine; NS=normal saline; P=p-value; RR=risk ratio 

*Low dose NAC refers to studies that administered 1200mg or less NAC daily to participants 
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analysis

CIN events, N (%) 

Author, year Population NAC	 NAC Hydration NAC Hydration RR (95% CI) 
dose* 

Boccalandro, 2003 Renal NAC	 LOW Placebo 10 (13.7) 13 (12.26) 1.1 (0.5, 2.4) 
dysfunction + 1/2NS + 1/2NS
 

Renal
 
Ratcliffe, 2009 NAC + NS	 HIGH NS + 1 (4.76) 1 (6.66) 0.7 (0.0, 10.8) dysfunction dextrose + dextrose and/or DM
 

Ferrario, 2009 Renal NAC + NS LOW Placebo 8 (8.08) 6 (5.94)
 1.3 (0.5, 3.7) 
dysfunction	 + NS 

Castini, 2010 General NAC + NS	 LOW NS 8 (15.1) 4 (7.84) 1.8 (0.6, 5.7) 

Jaffery, 2012 Cardiac NAC + NS	 HIGH Placebo 33 (16.02) 25 (13.02) 1.2 (0.7, 1.9) 
disease +dextrose + NS 

Overall (I-squared = 0.0%, p = 0.953) 1.2 (0.9, 1.8) 

NOTE: Weights are from random effects 

        

      

       

Figure 5. Meta-analysis of N-acetylcysteine plus intravenous saline versus intravenous saline with or without placebo for the prevention 
of contrast-induced nephropathy when iso-osmolar contrast is used. 

.01 .2 1.5 2 5 15 
← Favors NAC Favors Hydration → 

Risk Ratio and 95% Confidence Intervals 
%=percent; 1/2NS=0.45% saline; CI=confidence interval; CIN=contrast-induced nephropathy; DM=diabetes mellitus; ER=emergency room; N=sample size; NAC=N-
acetylcysteine; NS=normal saline; P=p-value; RR=risk ratio 
*Low dose NAC refers to studies that administered 1200mg or less NAC daily to participants. High dose NAC refers to studies that administered more than 1200mg NAC daily. 
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0.280)

2005

2003

DM

rat on

0.8 (0.7, 0.9) 

0.3 (0.0, 3.0) 

0.4 (0.1, 1.3) 

0.3 (0.1, 1.0) 

0.3 (0.1, 1.1) 

0.4 (0.1, 2.1) 

1.2 (0.7, 1.9) 

0.6 (0.2, 1.6) 

1.0 (0.5, 2.3) 

0.3 (0.2, 0.6) 

0.9 (0.7, 1.1) 

0.5 (0.2, 1.3) 

2.9 (0.1, 66.4) 

1.1 (0.5, 2.4) 

1.8 (0.6, 5.7) 

1.3 (0.4, 4.1) 

0.2 (0.0, 1.4) 

(Excluded) 

0.7 (0.0, 10.8) 

RR (95% CI) 

0.1 (0.0, 2.4) 

1.2 (0.5, 2.6) 

0.7 (0.6, 0.9) 

1.1 (0.6, 1.7) 

0.7 (0.4, 1.3) 

1.3 (0.3, 5.3) 

0.5 (0.2, 1.0) 

0.3 (0.1, 1.1) 

0.5 (0.0, 4.8) 

0.3 (0.2, 0.6) 

0.9 (0.3, 2.5) 

1.2 (0.4, 3.1) 

0.5 (0.1, 1.8) 

0.7 (0.1, 3.8) 

0.4 (0.1, 1.8) 

0.9 (0.4, 1.7) 
1.0 (0.4, 2.6) 

0.5 (0.1, 5.4) 

1.4 (0.3, 8.0) 

1.3 (0.5, 3.7)
0.9 (0.3, 2.6) 

0.1 (0.0, 1.0) 

0.7 (0.3, 1.9) 

1.2 (0.3, 5.2) 

0.6 (0.2, 1.7) 

0.9 (0.4, 2.0) 

0.9 (0.6, 1.2) 

0.2 (0.0, 0.7) 

0.6 (0.3, 1.2) 

1.1 .2 .5 2 5 15 
NOTE: Weights are from random effects analysis 

. 

. 

. 

Overall (I-squared = 10.4%, p = 

Sadat, 2011 

Ochoa, 2004 

Kay, 2003 

Carbonell, 2010 

Tanaka, 2011 

Jaffery, 2012 

Briguori, 2002 

Carbonell, 2007 

Marenzi, 2006 

Subtotal (I-squared = 2.7%, p = 0.415) 

Khalili, 2006 

Demir, 2008 

Boccalandro, 2003 

Castini, 2010 

Baskurt, 2009 

MacNeill, 

Kotlyar, 

Ratcliffe, 2009 

Author, year 

Kinbara, 2010 

Durham, 2002 

Subtotal (I-squared = 0.0%, p = 0.576) 

Aslanger, 2012 

IV/Oral 

Thiele, 2010 

Oldemeyer, 

Miner, 2004 

Poletti, 2007 

Kimmel, 

Subtotal (I-squared = .%, p = .) 

Reinecke, 2007 

Allaqaband, 2002 

Kim, 2006 

Kefer, 2003 

Izani Wan Mohamed, 2008 

IV 

Azmus, 2005 
Gomes, 2005 

Seyon, 2007 

Gulel, 2005 

Ferrario, 2009 
Amini, 2009 

Tepel, 2000 
Oral 

Alioglu, 2013 

Goldenberg, 2004 

Holscher, 2008 

Brueck, 2013 

Ozcan, 2007 

Shyu, 2002 

Hsu, 2012 

General 

Renal dysfunction 

Renal dysfunction 

Renal dysfunction 

Cardiac disease 

Cardiac disease 

Renal dysfunction 

General 

Cardiac disease 

Renal dysfunction 

General 

Renal dysfunction 

General 

Renal dysfunction 

Renal dysfunction 

Renal dysfunction 

Renal dysfunction and/or DM 

Population 

Cardiac disease 

Renal dysfunction 

Cardiac disease 

Cardiac disease 

Renal dysfunction 

Renal dysfunction 

Renal dysfunction + ER 

Renal dysfunction
Renal dysfunction 

Renal dysfunction 

General 

General 

Renal dysfunction 

General
Renal dysfunction or 

Renal dysfunction + ACS 

Renal dysfunction 

Renal dysfunction
Renal dysfunction 

Renal dysfunction 

General 

Renal dysfunction 

Renal dysfunction 

Renal dysfunction 

Renal dysfunction + CAD 

Renal dysfunction 

E.R. 

1 (4.76) 

3 (8.33) 

4 (3.92) 

2 (5.13) 

2 (5.26) 

33 (16.02) 

6 (6.52) 

11 (10.28) 

10 (8.47) 

5 (14.3) 

1 (5.0) 

10 (13.7) 

8 (15.09) 

7 (9.59) 

1 (4.76) 

0 

1 (4.76) 

NAC 

0 (0) 

10 (26.32) 

27 (25.0) 

18 (14.29) 

4 (8.16) 

9 (9.47) 

2 (4.55) 

1 (5.26)
6 (5.26) 

8 (17.78) 

3 (3.75) 

2 (3.77) 

2 (4.08) 

14 (7.14)
8 (10.39) 

1 (5.0) 

3 (12.0) 

8 (8.08)
5 (11.11) 

1 (2.44) 

6 (12.24) 

4 (9.76) 

6 (4.31) 

53 (27.6) 

11 (12.5) 

2 (3.33) 

12 (11.32) 

3 (15.79) 

11 (25.0) 

12 (12.24) 

10 (23.81) 

5 (13.16) 

25 (13.02) 

10 (10.98) 

11 (10.09) 

39 (32.77) 

12 (34.29) 

0 (0) 

13 (12.26) 

4 (7.84) 

5 (6.94) 

7 (31.81) 

0 

1 (6.67) 

Hydration 

4 (26.67) 

9 (21.95) 

23 (23.23) 

25 (20.33) 

3 (6.38) 

19 (22.35) 

9 (20.93) 

2 (11.76)
7 (6.09) 

6 (15.0) 

7 (8.14) 

3 (5.88) 

6 (11.76) 

17 (8.46) 
8 (10.13) 

2 (5.0) 

2 (8.0) 

6 (5.94) 
6 (13.33) 

9 (21.43) 

11 (17.19) 

3 (7.69) 

10 (7.19) 

62 (32.12) 

12 (13.64) 

15 (24.59) 

20 (19.42) 

←Favors NAC Favors 
Hyd i → 

CIN events, N (%) 
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Figure 6. Meta-analysis of oral vs intravenous route of N-acetylcysteine plus intravenous saline versus intravenous saline with or 
without placebo for the prevention of contrast-induced nephropathy. 

Risk Ratio and 95% Confidence Intervals 
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Figure 6. Meta-analysis of oral vs intravenous route of N-acetylcysteine plus intravenous saline versus intravenous saline with or 
without placebo for the prevention of contrast-induced nephropathy(continued). 

%=percent; 1/2NS=0.45% saline; CI=confidence interval; CIN=contrast-induced nephropathy; DM=diabetes mellitus; ER=emergency room; IA=intra-arterial; IV=intravenous; 
N=sample size; NAC=N-acetylcysteine; NS=normal saline; P=p-value; RR=risk ratio 
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Table 3. Summary of the strength of evidence: N-acetylcysteine plus intravenous saline versus intravenous saline with or without 
placebo. 

Outcome 

Study design: 
no. studies 
(N) 

Study 
limitations Directness Consistency Precision 

Strength of 
evidence Summary of outcomes 

Development of 
CIN (high-dose 
NAC) 

RCT: 14 
(2239) 

Medium Direct Inconsistent Precise Low Low strength of evidence that high-
dose NAC with IV saline has a 
clinically important benefit in 
preventing CIN compared with IV 
saline without NAC 

Development of 
CIN (low-dose 
NAC) 

RCT: 31 
(5428) 

Medium Direct Inconsistent Precise Low Low strength of evidence that low-dose 
NAC with IV saline has a small 
clinically unimportant benefit in 
preventing CIN compared with IV 
saline without NAC 

Development of 
CIN (all studies) 

RCT: 55 
(10,923) 

Medium Direct Inconsistent Precise Low Low strength of evidence that, overall, 
NAC with IV saline has a small 
clinically unimportant benefit in 
preventing CIN compared with IV 
saline without NAC 

Need for RRT RCT: 23 
(6774) 

Medium Direct Consistent Imprecise Low Low strength of evidence that NAC 
with IV saline does not differ from IV 
saline alone in preventing need for 
RRT 

Cardiac events RCT: 7 (1092) Medium Direct Consistent Imprecise Low Low strength of evidence that NAC 
with IV saline does not differ from IV 
saline alone in preventing cardiac 
events 

Mortality RCT: 14 
(5294) 

Medium Direct Inconsistent Imprecise Insufficient Insufficient strength of evidence 
regarding effect of NAC with IV saline 
on preventing mortality compared with 
IV saline alone 

Hospitalization, 
length of stay 

RCT: 8 (877) Medium Direct Consistent Imprecise Low Low strength of evidence that NAC 
with IV saline does not differ from IV 
saline alone in reducing length of 
hospitalization 

CIN=contrast-induced nephropathy; IV = intravenous; N=sample size; NA=not available; NAC=N-acetylcysteine; RCT=randomized controlled trial; RRT=renal replacement 
therapy 
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Intravenous Sodium Bicarbonate versus Intravenous Saline 

A major underlying hypothesis for using intravenous sodium bicarbonate to prevent CIN is 
that the alkalinization of tubular fluid diminishes the production of free oxygen radicals, which 
may play a role in the etiology of CIN.70 Prior meta-analyses showed a mixed effect for 
intravenous sodium bicarbonate, with some demonstrating benefit for intravenous sodium 
bicarbonate71, 72 while other meta-analyses were inconclusive.73 

Study characteristics 
Twenty-three articles were identified that compared intravenous sodium bicarbonate to 

intravenous saline. Thirteen RCTs25, 42, 55, 74-83 published between 2004 and 2013 were included 
in the meta-analysis. 

In these studies, CIN was defined in three ways (Appendix E, Evidence Table 1-3, 10): five 
defined it as a 25 percent or more increase in serum creatinine, one defined it as a 0.5 mg/dl or 
more increase in serum creatinine, and seven defined it as either a 25 percent rise or 0.5 mg/dl 
increase in serum creatinine. 

A total of 2283 patients were included in these studies; they included ages between 40 and 
87. Six25, 55, 77, 79, 81, 82 of the 13 studies included general patients who underwent diagnostic or 
interventional cardiac procedures, four included patients with diabetes mellitus,42, 74, 76, 83 one 
selectively included patients with CKD,78 and another included patients with stable renal 
disease.80 The route of contrast media administration was intra-arterial in eleven studies,25, 42, 55, 

75-81, 83 intravenous in one study,74 and both intravenous and intra-arterial in one study.74, 82 Two 
studies used IOCM55, 76 and the other eleven used LOCM. (Appendix E, Evidence Table 1-3, 10). 

Contrast-induced Nephropathy 
Six studies concluded that intravenous sodium bicarbonate administration reduced the 

incidence of CIN when compared with intravenous saline, while seven reported no difference in 
the incidence of CIN between the intravenous sodium bicarbonate and intravenous saline 
intervention arms. The meta-analysis indicated that administration of intravenous sodium 
bicarbonate did not differ from intravenous saline in the risk of CIN (RR 0.80; 95% CI: 0.5 to 
1.2), with a point estimate indicating a clinically unimportant difference, and a wide CI that only 
ruled out an important increase in CIN without ruling out the possibility of an important 
reduction in CIN. The strength of evidence was low for this conclusion (Table 4). The studies 
reporting on CIN had medium study limitations with some inconsistency. 

Overall, the studies had moderate heterogeneity, with an I2 of 48 percent (p=0.028) (Figure 
7). Using Harbord’s Modified Test for Small Study Effects, we found no evidence of asymmetry 
in the distribution of results by study precision (bias coefficient of -1.08, standard error of 1.21, p 
= 0.39). 

Eleven of the 23 studies reporting on CIN were not included in the meta-analysis for a 
variety of reasons (see Appendix E, Evidence Table 11). One study did not report on CIN as an 
outcome but did report on serum creatinine. The mean change in serum creatinine from baseline 
did not meet any definition of CIN (Appendix E, Evidence Table 12). 
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Other Outcomes 
Of the 23 studies that compared the risk of CIN between intravenous sodium bicarbonate and 

intravenous saline, nine studies included data on secondary outcomes. Out of these nine studies, 
eight reported data on participants’ need for RRT,25, 42, 74-77, 80, 81 two reported data on cardiac 
events,25, 76 five studies reported data on mortality74-76, 78, 80, 81 two reported data on length of 
hospitalization.74, 75, 78 No statistically significant differences were reported for any of the 
secondary outcomes (Appendix E; Evidence Table 6b, 7e-i).55, 79, 82, 83The overall strength of the 
evidence was low that mortality and the need for RRT do not differ between intravenous sodium 
bicarbonate and intravenous saline. The studies addressing the need for RRT and mortality had 
medium study limitations, were consistent in the direction of effect, and imprecise due to wide 
confidence intervals and small study populations. The evidence was insufficient to determine 
whether cardiac events or length of hospitalization differ between intravenous sodium 
bicarbonate and intravenous saline (Table 4; Appendix E, Evidence Table 13). 

Adverse events were reported in eight studies. Data was only recorded if specific adverse 
events were reported or the study reported no adverse events (Appendix E, Evidence Table 14). 
Adverse events were not reported in a standardized manner and rarely were they analyzed in 
these studies, so we were not able to draw any firm conclusions about whether the incidence of 
adverse events differed between intravenous sodium bicarbonate and intravenous saline.. 
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NOTE: Weights are from random effects 

Overall (I-squared = 47.7%, p = 0.028) 

Ueda, 2011 

Boucek, 2013 

Masuda, 2007 

Koc, 2013 

Motohiro, 2011 

Lee, 2011 

Gomes, 2012 

Castini, 2010 

Vasheghani-Farahani, 
2010 

Ratcliffe, 2009 

Ozcan, 2007 

Author, year 

Merten, 

Brar, 2008 

Renal dysfunction 

Renal dysfunction + DM 

Renal dysfunction 

DM 

Renal dysfunction 

Renal dysfunction + DM 

Renal dysfunction 

General 

Cardiac disease 

General 

General 

Population 

Renal dysfunction 

Renal dysfunction 

NaHCO3 

NaHCO3 

NaHCO3 

NaHCO3 

NaHCO3 + NS 

NaHCO3 

NaHCO3 

NaHCO3 + NS 

NaHCO3 + 
1/2NS 

NaHCO3 

NaHCO3 

NaHCO3 

NaHCO3 

NaHCO3 

NaCl 

NaCl 

NaCl 

NS 

NS 

NS 

NS 

NS 

1/2NS 

NaCl 

NS 

Hydration 

NaCl 

NaCl 

2(6.67) 

7(11.48) 

2(6.67) 

15(15.96) 

2(2.56) 

17(9.04) 

9(6.0) 

7(13.46) 

3(8.33) 

2(10.52) 

4(4.55) 

NaHCO3 

1(1.67) 

25(15.82) 

CIN events, N (%) 

8(27.59) 

5(8.47) 

10(34.48) 

6(5.94) 

10(12.99) 

10(5.35) 

9(5.96) 

7(13.72 

2(5.56 

1(6.67 

12(13.64) 

Hydration 

8(13.56) 

30(18.18) 

RR (95% CI) 

0.3 (0.1, 1.3) 

1.3 (0.4, 3.9) 

0.2 (0.1, 1.0) 

0.2 (0.0, 1.0) 

1.6 (0.8, 3.5) 

1.0 (0.4, 2.5) 

1.0 (0.4, 2.6) 

1.5 (0.3, 8.3) 

1.5 (0.2, 15.4) 

0.4 (0.1, 1.1) 

0.1 (0.0, 1.1) 

0.9 (0.5, 1.5) 

0.8 (0.5, 1.2) 

2.5 (1.0, 6.1) 

.001 .2 .5 1 2 5
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Figure 7. Meta-analysis of intravenous sodium bicarbonate versus intravenous saline for the prevention of contrast-induced 
nephropathy. 




Risk Ratio and 95% Confidence Intervals 

%=percent; 1/2NS=0.45% saline; CI=confidence interval; CIN=contrast-induced nephropathy; CKD=chronic kidney disease; DM=diabetes mellitus; N=sample size; NAC=N-
acetylcysteine; NaCl=sodium chloride; NaHCO3=sodium bicarbonate; NS=normal saline; P=p-value; RR=risk ratio 



 
 

      
 

 

 
  

 
 

     
  
     

  
 

  
 

         
    

 
     

 
        

  
     

           
   

    
  

   
 

        
      

  
 

 
         

  
  

     
 

            
 

           

Table 4. Summary of the strength of evidence: intravenous sodium bicarbonate versus intravenous saline. 

Outcome 

Study 
design: no. 
studies (N) 

Study 
limitations Directness Consistency Precision 

Strength of 
evidence Summary of key outcomes 

Development of 
CIN 

RCT: 14 
(2548) 

Medium Direct Inconsistent Precise* Low Low strength of evidence that IV 
sodium bicarbonate did not differ from 
IV saline in the risk of CIN 

Need for RRT RCT: 7 
(1604) 

Medium Direct Consistent Imprecise Low Low strength of evidence that the need 
for RRT did not differ between IV 
sodium bicarbonate and IV saline 

Cardiac events RCT: 2 (642) High Direct Consistent Imprecise Insufficient Insufficient strength of evidence to 
determine whether cardiac events 
differ between IV sodium bicarbonate 
and IV saline 

Mortality RCT: 5 
(1185) 

Medium Direct Consistent Imprecise Low Low strength of evidence that mortality 
rates did not differ between IV sodium 
bicarbonate and IV saline 

Hospitalization, 
length of stay 

RCT: 2 (421) High Direct Consistent Imprecise Insufficient Insufficient strength of evidence  to 
determine whether length of 
hospitalization differs between IV 
sodium bicarbonate and IV saline 

* The results were precise enough to rule out a clinically important increase in CIN with IV sodium bicarbonate. 


CIN=contrast-induced nephropathy; IV=intravenous; N=sample size; NA=not available; RCT=randomized controlled trial; RRT=renal replacement therapy
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N-acetylcysteine versus Sodium Bicarbonate 

In previous sections, we briefly explained the physiologic basis for studying the use of N-
acetylcysteine or intravenous sodium bicarbonate to prevent CIN, and we summarized the 
evidence on the effectiveness of each of these two interventions compared with intravenous 
fluids alone. In this part of the analysis, we looked for evidence on head-to-head comparisons of 
these two interventions. 

Study Characteristics 
We found four RCTs 25, 42, 55, 84 comparing the effectiveness of N-acetylcysteine plus 

intravenous saline against intravenous sodium bicarbonate in preventing CIN. In these studies, 
the CIN outcome was defined two ways: defined as an increase in serum creatinine of at least 25 
percent from baseline or an increase in serum creatinine of at least 0.5 mg/dL25, 85 or as an 
increase of at least 25 percent in serum creatinine from baseline.42, 55, 84 

The studies had a total follow-up period of 48 hours to 7 days; the outcomes of CIN were 
reported at 48 hours,25, 85 at  48 to 72 hours,84 at 24, 48 and 120 hours (5 days),55,(personal 
communication with Diego Castini, April 28, 2014), and 24, 48, and 168 hours (7 days).42 The 
study population for three of the RCTs included only individuals with renal dysfunction.25, 55, 84 

The patients in the fourth RCT42 had either kidney dysfunction or diabetes mellitus. The contrast 
media was delivered intra-arterial in all of the RCTs, and was given only for diagnostic and/or 
interventional coronary procedures in three of the RCTs. The patients in the fourth RCT 
underwent cardiac catheterization or another major arteriographic procedure.84 (Appendix E, 
Evidence Tables 1-3, 15).85 

All studies compared N-acetylcysteine plus intravenous saline (sometimes in 5% dextrose in 
water (D5W)) with intravenous sodium bicarbonate. In all studies, intravenous sodium 
bicarbonate and intravenous normal saline were given at 1 ml/kg/hour or at 3 ml/kg/hour before 
and after contrast media administration, but not always at the same rate. The timing of the 
intravenous sodium bicarbonate infusion varied between one to six hours before contrast 
administration, and from six to 12 hours post-contrast administration. The timing of the 
intravenous normal saline infusion varied between one and 12 hours before contrast 
administration, and between six and 12 hours after contrast administration. One study used 
intravenous N-acetylcysteine 1200 mg one hour before the intervention followed by 1200 mg of 
oral N-acetylcysteine twice daily for 48 hours after the intervention.42 One study84 did not 
specify whether the route of administration of N-acetylcysteine was oral or intravenous, but most 
likely it was oral N-acetylcysteine (600 mg twice daily on the day before and on the day of the 
procedure). The other two RCTs used 600 mg of oral N-acetylcysteine twice daily on the day 
before and the day of the procedure.25, 55 Two of the RCTs used IOCM42, 55 and two RCTs used 
LOCM (Appendix E, Evidence Tables 1-3, 15).25, 84 Two of the studies had medium risk of 
bias,55, 84 and three studies had a high risk of bias.25, 42, 85Conclusions did not differ based on 
study limitations. These studies were published from 2007 to 2013. 

Contrast-induced Nephropathy 
The incidence of CIN in the intravenous sodium bicarbonate groups ranged from 4.5 to 35.7 

percent and from 4.7 to 15.8 percent in the N-acetylcysteine plus intravenous saline groups. Two 
of the RCTs favored intravenous sodium bicarbonate and two favored N-acetylcysteine plus 
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intravenous saline, although one study had very few CIN events (one CIN event in one group 
and two in the other group).42 (Appendix E, Evidence Table 16). 

The overall pooled RR for CIN in the RCTs comparing intravenous sodium bicarbonate with 
the combination of N-acetylcysteine and intravenous saline, using a random effects model, was 
0.93 (95% CI: 0.40 to 2.1). The point estimate of the RR indicates a very small decrease in risk 
with sodium bicarbonate that was less than clinically important. The confidence interval was too 
wide to rule out the possibility of either an important decrease or important increase in risk. The 
studies were inconsistent, and had moderate heterogeneity, with an I2 of 49.4 percent (Figure 8). 
The Harbord’s Modified Test for Small Study Effects did not show evidence of asymmetry in 
results by study precision (bias coefficient of 0.20, standard error of 1.79, p=0.92). We 
concluded that the strength of the evidence was insufficient to support a conclusion about the 
comparative effectiveness of these two interventions in the ability to prevent CIN (Table 5; 
Appendix E, Evidence Table 16). 

Limitations of this comparison included the small number of studies, the varying regimens of 
fluid administration and N-acetylcysteine dosing, and the variations in follow-up time. Four of 
the studies were exclusively in individuals with kidney disease (a population at higher risk for 
CIN), although the inclusion criteria were not exactly the same across all studies. One of the 
RCTs was conducted in individuals with either kidney dysfunction or diabetes mellitus. A 
potential concern in the Ratcliffe study is that only 66% of participants completed the study.42 

Other Outcomes 
Of the five studies that compared N-acetylcysteine plus intravenous saline with intravenous 

sodium bicarbonate for the development of CIN, secondary outcomes were only occasionally 
reported. Ozcan, et al.25 reported that one of 88 patients in the intravenous sodium bicarbonate 
group required dialysis by 48 hours after contrast administration, but no patient in the N-
acetylcysteine plus saline group required dialysis during this period (p value was not reported). 
There were no episodes of congestive heart failure in either arm. No participants died or required 
dialysis during the time period of the study in the Castini trial.55 Heguilen et al.84 reported no 
episodes of congestive heart failure, although seven patients were lost to follow-up. Length of 
hospital stay was not mentioned in any of the studies (Appendix E, Evidence Table 17). 
Insufficient evidence exists to support firm conclusions about the comparative effects of N-
acetylcysteine versus sodium bicarbonate for the outcomes of need for RRT, cardiac events, 
mortality, or length of hospitalization. 

Adverse events were reported in all studies. Data was recorded if specific adverse events 
were reported or the study reported no adverse events (Appendix E, Evidence Table 18). Adverse 
events were not reported in a standardized manner, and rarely were they analyzed in these 
studies, so we were not able to draw any firm conclusions about whether the incidence of 
adverse events differed between N-acetylcysteine with intravenous saline versus intravenous 
sodium bicarbonate. 
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* data provided by personal communication with the study author (personal communication with Diego Castini, April 28, 2014).
%=percent; CI=confidence interval; N=sample size; NAC=N-acetylcysteine; NaCl=sodium chloride; NaHCO3=sodium bicarbonate; NS=normal saline; P=p-value; RR=risk ratio

analysis

Figure 8. Meta-analysis of N-acetylcysteine versus sodium bicarbonate for the prevention of contrast-induced nephropathy. 

Author, year Population NaHCO3 NAC 

NaHCO3 NAC 

CIN events, N (%) RR (95% CI) 

Ozcan, 2007 Renal dysfunction NaHCO3 NAC 
+ NaCl 

4 (4.5) 11 (12.5) 0.4 (0.1, 1.2) 

Ratcliffe, 2009 Renal dysfunction 
and/or DM 

NaHCO3 
+ NS 
NAC 2 (10.5) 1 (4.7) 2.1 (0.2, 21.4) 

Castini, 2010 Renal dysfunction NaHCO3 
+ NS 
NAC 5 (9.6) 8 (15) 

0.7 (0.2, 1.9) 

Heguilen, 2013 Renal dysfunction NaHCO3 NAC 
+ NaCl 

15 (35.7) 6 (15.8) 
1.9 (0.8, 4.6) 

Overall (I-squared = 49.4%, p = 0.115) 
0.9 (0.4, 2.1) 

NOTE: Weights are from random effects 

.1 .2 .5 1 2 5 25 

←Favors NaHCO3 Favors NAC→ 

Risk Ratio and 95% Confidence Intervals 



 
 

 
          

 

 

  
 
 

 
     

  
     

  
  

          
   

    
 

                
   

     

 
               

   
     

 
 

 
        

Table 5. Summary of the strength of evidence: N-acetylcysteine versus sodium bicarbonate. 

Outcome 

Study design: 
no. studies 
(N) 

Study 
limitations Directness Consistency Precision 

Strength of 
evidence Summary of key outcomes 

Development of 
CIN, short-term 

RCT: 4 (631) High Direct Inconsistent Imprecise Insufficient Insufficient strength of evidence to 
determine whether NAC plus IV 
saline differs from IV sodium 
bicarbonate in preventing CIN 

Need for RRT RCT: 2 (420) High Direct Consistent Imprecise Insufficient Insufficient strength of evidence to 
determine whether NAC plus IV 
saline differs from IV sodium 
bicarbonate in preventing the need 
for RRT 

Cardiac events RCT: 2 (391) High Indirect Consistent Imprecise Insufficient Insufficient strength of evidence to 
determine whether NAC plus IV 
saline differs from IV sodium 
bicarbonate in preventing cardiac 
events 

CIN=contrast-induced nephropathy; IV=intravenous; N=sample size; RCT=randomized controlled trial; RRT=renal replacement therapy 
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Statins plus Intravenous Fluids versus Intravenous Fluids With or 
Without Placebo 

In addition to decreasing low density lipoprotein cholesterol, statins have cholesterol-
independent functionalities that play a growing role in various clinical contexts, including the 
prevention of both myocardial damage during percutaneous coronary intervention (PCI)86 and 
atrial fibrillation after cardiac surgery.87 The proposed mechanism related to the prevention of 
CIN is that statins act as stabilizers of the endothelium and as free radical scavengers in ischemic 
nephropathy.88 Given the demonstrated pleiotropic nature of statins in clinical settings, it is 
important to evaluate the effect on CIN and the effects on other outcomes. 

Study Characteristics 
We found eight studies evaluating the use of statins to prevent CIN.89-95, 96 All were RCTs 

and included patients undergoing cardiovascular interventions including PCI,89, 90, 93 , 94, 95 

coronary angiography,91, 92, 93 , 94, 96 and left ventriculography.94 

Five studies included patients with reduced kidney function,91, 92, 93 , 94, 96 three included 
patients with an acute coronary syndrome,89, 90, 95 and one included patients with diabetes 
mellitus.94 All of the studies were published from 200896 to 201394 with most followup ranging 
from 48 hours to 120 hours (5 days) for CIN outcomes and up to one year for other outcomes 
(Appendix E, Evidence Table 1-3, 19). 

All of the studies administered the contrast media intra-arterial. The LOCM agents were 
iopromide, 89 iobitridol,90 and iopamidol.93 Five studies used the IOCM agent iodixanol 
(Appendix E, Evidence Table 1-3, 19).91, 92, 94, 95 , 96 

Five studies used atorvastatin,89-93 two used simvastatin,95 , 96 and one used rosuvastatin.94 

The statin dose ranged across studies: 80 mg within 24 hours of  the procedure91; 150 mg 
administered as 20 mg doses over five days (two days prior to and three days post procedure94; 
two studies administered 80 mg prior to the procedure and 40 mg after the procedure 89, 90;  40 
mg for two days prior to and after the procedure 96; 80 mg for two days prior to and after the 
procedure 93; 80 mg for four days prior to and two days after the procedure 92; and one study 
compared 80 mg of a statin to 20 mg of a statin, both doses administered 24 hours prior to the 
procedure and 48 hours after. 95 Six of the studies compared statins to placebo. 89, 90, 92, 94-96 One 
study91 administered N-acetylcysteine to all patients as prophylaxis. One was a head-to-head 
dose comparison.95 All statin interventions were given in combination with intravenous fluids 
such as sodium bicarbonate,91 normal saline, 89, 90, 92, 94, 95 and half normal saline,96(Appendix E, 
Evidence Table 1-3, 19). 

Five studies reported on the incidence of CIN at or within 48 hours,90, 91, 93, 95 , 96 two reported 
at 72 hours,89, 94 and one reported at 5 days.92 Three studies reported on mortality,91, 92, 94 four on 
the need for hemodialysis,91, 92, 94, 96 one on worsening heart failure,94 and two on the length of 
hospitalization.90, 96 Only one study included data on adverse drug effects, specifically elevated 
liver enzymes (Appendix E, Evidence Table 1-3, 19).89 

Regarding the quality of the eight studies we examined in this section, one had a high risk of 
bias,94 one had low risk, 90 and the remaining six had medium risk.89, 91-93, 95, 96 The study that 
had high overall risk of bias raised concerns about the reporting of allocation concealment and 
selective outcome reporting.94 
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Contrast-induced Nephropathy 
Four of the eight identified studies on use of statins to prevent CIN were included in the 

meta-analysis. Three of the studies excluded from the meta-analysis included N-acetylcysteine in 
the intervention and control arm or N-acetylcysteine plus sodium bicarbonate in the intervention 
and control arm.91-93 One of the studies excluded from the meta-analysis compared different 
dosages of simvastatin (Appendix E, Evidence Table 20).95 When evaluating the efficacy of 
prophylactic statin administration compared with intravenous fluids alone in the prevention of 
CIN, three studies89, 90, 94 found both a statistically significant and clinically important reduction 
in CIN (above our 25% threshold for a minimally important difference) in the intervention arm. 
One study did not show either a clinically or statistically significant reduction. 96 The largest 
study of the group with positive findings (n=2998) found a significant reduction with statin 
administration in the general study population but not in the post-hoc subgroup analyses of statin 
naïve versus statin non-naïve participants.94 This study had a high risk of bias but its effect 
estimate was in the same direction as the other three studies in the meta-analysis and it had a 
small confidence interval. Another study92 evaluated the occurrence of CIN within the 
nonstandard time frame of 5 days; that study did not demonstrate a clinically or statistically 
significant difference between intervention and control arms (Figure 9). 

In a meta-analysis of studies with a CIN endpoint ranging from 48 to 72 hours after contrast 
media administration,89, 90, 94, 96 the pooled estimate of the effect of statin plus intravenous fluids 
compared with intravenous fluids alone demonstrated a clinically important and statistically 
significant reduced risk of CIN with statin use (pooled RR 0.5, 95% CI: 0.4 to 0.8) with a 
number needed to treat of 45 (95% CI: 30 to 217). However, the CI for the RR was wide enough 
that we cannot rule out the possibility of an unimportant difference clinically. A sensitivity 
analysis demonstrated that no study unduly influenced the overall statistical significance of the 
pooled estimate, and a stratified analysis showed no substantial difference in estimation of effect 
by statin type, as the point estimates of effect were all less than 1.0. Only atorvastatin had a 95 
percent CI that was fully in the range consistent with a clinically important effect (OR 0.3, 95% 
CI: 0.2 to 0.7). The estimate for rosuvastatin (RR 0.6, 95% CI: 0.4 to 0.9) was clinically 
important, but the CI was wide enough to not rule out the possibility of an unimportant effect. 
While the point estimate of the effect of simvastatin (RR 0.8, 95% CI: 0.2 to 3.4) was not 
clinically important, the CI was so wide that we could not rule out the possibility of a clinically 
important benefit or harm. Note that atorvastatin was the only drug for which there was more 
than one study. Our review showed no substantial difference in stratified analyses by study 
inclusion criteria for baseline kidney function. Harbord’s Modified Test for Small Study Effects 
did not demonstrate evidence of asymmetry in results by study precision (bias coefficient of -
0.82, standard error of 1.14, p =0.55) (Figure 9). 

Two studies on statin use incorporated N-acetylcysteine into the treatment regimen of both 
arms. Neither the study that used N-acetylcysteine plus intravenous sodium bicarbonate as the 
comparison group91 nor the studies that used N-acetylcysteine plus intravenous saline as the 
comparison group92, 93 found statistically significant reductions in CIN with the use of 
atorvastatin. 

The strength of the evidence for the meta-analysis was moderate for demonstrating that 
administering a statin plus intravenous fluids was more effective than intravenous fluids alone at 
preventing CIN, when considering study limitations, directness, consistency, and precision 
(Table 6). 
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Other Outcomes 
Secondary outcome reporting was not consistent across studies. The strength of the evidence 

was low about whether statins had an impact on the need for RRT or mortality (Table 6; 
Appendix E, Evidence Table 21). No clinically important or statistically significant differences 
were seen in the need for dialysis; very few events were reported.92, 94, 96 Of the two studies that 
reported mortality by intervention group, neither showed a statistically significant or clinically 
important difference; very few deaths were reported.92, 94 The strength of the evidence was 
insufficient to determine if statins were effective at reducing length of hospitalization (Table 6; 
Appendix E, Evidence Table 21).90 

Adverse events were only reported in one study. We were not able to draw any conclusions 
about whether the incidence of adverse events differed between statins versus intravenous fluids 
(Appendix E, Evidence Table 22).95 
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   CIN events N (%) 
Author, year Population Statin Placebo RR (95% CI) 

Statin Placebo 

Simvastatin 
0.8 (0.2, 3.3) Jo, 2008	 Renal dysfunction Simvastatin Placebo 3 (2.5) 4 (3.3) 

0.8 (0.2, 3.3) Subtotal (I-squared = .%, p = .) 

. 

Atorvastatin 

0.4 (0.2, 1.0) Patti, 2011	 Cardiac disease Atorvastatin Placebo 6 (5) 16 (13) 

Cardiac disease 0.2 (0.0, 0.8) Li, 2012	 Atorvastatin Control 2 (2.5) 13 (15.6) 
0.3 (0.2, 0.7) Subtotal (I-squared = 0.0%, p = 0.366) 

. 

Rosuvastatin 

0.6 (0.4, 0.9) Han, 2013	 Renal dysfunction Rosuvastatin Usual 34 (2.3) 58 (3.8) 

0.6 (0.4, 0.9) 
care 

Subtotal (I-squared = .%, p = .) 

. 

0.5 (0.4, 0.8) Overall (I-squared = 0.0%, p = 0.414) 

NOTE: Weights are from random effects analysis 

.01 .2 .5 1 2 5 
←Favors Statin Favors Placebo→ 

Risk Ratio and 95% Confidence Intervals 
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Figure 9. Meta-analysis of statins plus intravenous fluids versus intravenous fluids with or without placebo for the prevention of 
contrast-induced nephropathy. 

%=percent; CI=confidence interval; CIN=contrast-induced nephropathy; CKD=chronic kidney disease; IOCM=iso-osmolar contrast media; IOCM=iso-osmolar contrast media; 
N=sample size; P=p-value; RR=risk ratio 



 
 

 
           

 

 
   

  
 

     
  
     

  
  

 

             
  

     
              

 
   

  
            

      
  

  
 

 
         

     
      

  
              

 
        

Table 6. Summary of the strength of evidence: statins plus intravenous fluids versus placebo with or without fluids. 

Outcome 
Study design: 
no. studies (N) 

Study 
limitations Directness Consistency Precision 

Strength of 
evidence Summary of key outcomes 

Development of 
CIN, * (meta-
analysis) 

RCT: 4 (3647) Medium Direct Consistent Precise Moderate Moderate strength of evidence that 
statins plus IV fluids have a lower 
risk of CIN than IV fluids alone 

Need for RRT RCT: 3 (5257) Medium Direct Consistent Imprecise Low Low strength of evidence that need 
for RRT does not differ between 
statins plus IV fluids compared with 
IV fluids alone 

Mortality RCT: 3 (3712) Medium Direct Consistent Imprecise Low Low strength of evidence that 
mortality rates do not differ between 
statins plus IV fluids compared with 
IV fluids alone 

Hospitalization, 
length of stay 

RCT: 2 (488) Medium Direct Inconsistent Imprecise Insufficient Insufficient strength of evidence to 
determine if statins plus IV fluids are 
more effective at reducing length of 
hospitalization than IV fluids alone 

CIN=contrast-induced nephropathy; IV =intravenous; N=sample size; NA=not applicable; RCT=randomized controlled trial; RRT=renal replacement therapy 

* Includes studies examined in meta-analysis because of comparability of intervention and control arms 
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Adenosine Antagonists plus Intravenous Saline versus Intravenous 
Saline 

Elevated adenosine levels contribute to the pathophysiology of acute reductions in kidney 
function through induction of renal vasoconstriction after radiocontrast media exposure.97 

Adenosine antagonists belonging to the xanthine drug class, such as theophylline and 
aminophylline, could theoretically prevent CIN by intervening along this pathway. This would 
consequently preserve renal blood flow and glomerular filtration perfusion pressure.98 

Study characteristics 
We found a total of five studies, four studies examining the role of the adenosine antagonists 

theophylline23, 60, 99, 100 and one study examining the role of aminophylline53 in the prevention of 
CIN. All studies were RCTs. Two studies used elevated serum creatinine as an inclusion 
criterion,23, 99, 100 one included only those who have at least one risk factor for CIN,100 one used 
coronary artery disease as an inclusion criterion,53 and the remaining study included a population 
without kidney disease or diabetes mellitus.60 

All of the studies had a  followup between 4823, 53, 99 and 72 hours60, 100 for CIN outcomes 
(Appendix E, Evidence Tables 1-3, 23).23 The studies were published from 200860 through 
2012.100 

When reviewing the characteristics of administered contrast media, one study60 used 
intravenous contrast media and the others used intra-arterial administration.23, 53, 99, 100 Four 
studies used  LOCM agents 53, 60, 100 23 and one study used IOCM99 (Appendix E, Evidence 
Tables 1-3, 23). 

All studies used theophylline as the adenosine antagonist, except for one which used 
aminophylline.53 However, no studies compared theophylline with aminophylline. Three 
studies23, 99, 100 used intravenous formulations of theophylline, and one60 used oral formulations. 
Two of the six studies had short infusions of theophylline prior to the procedure, ranging from 30 
minutes100 to one hour.99 Two studies53, 99 used theophylline intolerance as an exclusion criterion 
while one99 excluded patients with prior use of theophylline, and two 23, 100 reported exclusions 
based on contraindications for theophylline such as history of seizures and high-grade cardiac 
arrhythmia. All studies used intravenous saline prior to and after the procedure for all 
comparisons. Intervention drugs were also administered prior to and after the procedure 
(Appendix E, Evidence Tables 1-3, 23). 

Two studies had high risk of bias23, 60; two had moderate risk of bias 53, 99; and one had low 
risk of bias 100. Some studies had low scores regarding allocation generation23, 60, allocation 
concealment 23, 53, 60, masking of intervention 23, 53, 60, and incomplete outcome reporting60, 99 

Contrast-induced Nephropathy 
Regarding intra-arterial administration of contrast media, the results of our primary analysis 

were mixed on the incidence of CIN with adenosine antagonists plus intravenous saline versus 
intravenous saline. Of the three studies that only examined theophylline against intravenous 
saline, two showed a clinically important increase in CIN in the theophylline group that was not 
statistically significant,60, 99 and one demonstrated a clinically important reduction in CIN in the 
theophylline group that was statistically significant.100 Other studies looking at intra-arterial 
administration of contrast media contained multiple comparison arms.23, 53 In both of the studies 
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with multiple comparisons, the arms involving the adenosine antagonists had less CIN than the 
intravenous saline arms; however, one study23 examined theophylline in combination with N-
acetylcysteine and not theophylline on its own (Figure 10). 

The meta-analysis exploring all studies involving a comparison between adenosine 
antagonists and intravenous saline was inconclusive because the CI was so wide that we cannot 
rule out a clinically important decrease or increase (pooled RR 0.8, 95% CI: 0.1 to 8.2) (Figure 
10). The strength of evidence was insufficient to support a conclusion about the effect of 
adenosine agonists on the risk of CIN because their effects were imprecise and inconsistent, and 
the study limitations were medium (Table 7). 

Only one study examined the effect of theophylline in a population60 for which contrast 
media was administered intravenous. It demonstrated a clinically important increased risk of CIN 
with theophylline that was not statistically significant (Figure 10). 

One of the included studies was not included in the meta-analysis.23 It included N-
acetylcysteine in one of the interventions and the p-value was calculated across the three arms 
(Appendix E, Evidence Table 24). 

Other Outcomes 
The strength of the evidence was insufficient to determine the effect of adenosine antagonists 

on the need for RRT, cardiac events, or mortality. No studies reported on length of stay. 
(Appendix E, Evidence Table 25). 

All studies reported on adverse events. Adverse events were not reported in a standardized 
manner and rarely were they analyzed in these studies, so we were not able to draw any 
conclusions about whether the incidence of adverse events differed between adenosine 
antagonists versus fluids (Appendix E, Evidence Table 26). 
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analysis

CIN events N (%) 

Placebo Author, year Population Placebo Adenosine RR (95% CI) Antagonists 

Theophylline + saline 

Demir, 2008 General (non-CKD, non-DM) NS 4 (20) 0 (0) 

Bilasy, 2012 Moderate risk of CIN NS 0 (0) 6 (20) 0.1 (0.0, 1.6) 

7.6 (0.4, 132.5) 

0.8 (0.0, 62.5) Subtotal (I-squared = 78.3%, p = 0.032) 
. 

Theophylline + oral hydration
 

Matejka, 2010 Renal dysfunction NS 3 (9.6) 0 (0)
 5.2 (0.3, 96.4) 

Subtotal (I-squared = .%, p = .) 5.2 (0.3, 96.4) 
. 

Aminophylline + saline 

NS 0 (0) 4 (2.6) 0.1 (0.0, 2.4) Kinbara, 2010 Cardiac disease 

Subtotal (I-squared = .%, p = .) 0.1 (0.0, 2.4) 
. 

0.8 (0.1, 8.2) Overall (I-squared = 60.7%, p = 0.054) 

NOTE: Weights are from random effects 

.01 .2 .5 1 50 100 
←Favors Adenosine Antagonists Favors Placebo→ 

Risk Ratio and 95% Confidence Intervals 

CI=confidence interval; CIN=contrast induced nephropathy; Mg/dl=milligram per deciliter; N=sample size; P=p-value; RR=risk ratio; SCr=serum creatinine 
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Figure 10. Meta-analysis of adenosine antagonists plus intravenous saline versus intravenous saline for the prevention of contrast-
induced nephropathy. 



 
 

        
 

 
   

        
  
     

  
 

 

        
   

 
 

           
   

 
  

          
   

 
 

         
   

 
 

             
 

        

Table 7. Summary of the strength of evidence: adenosine antagonists plus intravenous saline versus intravenous saline. 

Outcome 
Study design: 
no. studies (N) Study limitations Directness Consistency Precision 

Strength of 
evidence Summary of key outcomes 

Development of 
CIN,* (meta-
analysis) 

RCT: 5 (3647) Medium Direct Inconsistent Imprecise Insufficient Insufficient strength of 
evidence about the effect of 
adenosine antagonists on 
the risk of CIN 

Need for RRT RCT: 3 (314) Medium Direct Inconsistent Imprecise Insufficient Insufficient strength of 
evidence about the effect of 
adenosine antagonists on 
the need for RRT 

Cardiac events RCT: 2 (116) High Direct Inconsistent Imprecise Insufficient Insufficient strength of 
evidence about the effect of 
adenosine antagonists on 
the risk of cardiac events 

Mortality RCT: 2 (273) Medium Direct Inconsistent Imprecise Insufficient Insufficient strength of 
evidence about the effect of 
adenosine antagonists on 
the risk of mortality 

CIN=contrast induced nephropathy; N=sample size; NA=not applicable; RCT=randomized controlled trial; RRT=renal replacement therapy 

* Includes studies examined in meta-analysis because of comparability of intervention and control arms 

42
 



 
 

    
 

  
  

  
 

  

 
 

 
 

   
 

    
  

    
   

    
    

  
   

 
  

  
    

       
 

 
    

   
 

   
  

  
   

 
   

  
     

    
       

      
  

Renal Replacement Therapy versus Intravenous Fluids 

Because contrast media clearance is usually delayed in an impaired kidney, hemodialysis and 
hemofiltration have been examined as methods to remove more intravenous contrast media for 
those with CKD in order to reduce the risk of further kidney injury.101, 102 Studies demonstrate 
that 2 to 3 hours of hemodialysis effectively removes 60 to 90 percent of contrast media, but the 
clinical effects were not clear. Continuous venovenous hemofiltration is based on high-volume 
controlled hydration, which in theory reduces kidney exposure to the contrast media; however 
patients need to be in an intensive care unit setting for continuous monitoring. 

Study Characteristics 
We found four studies assessing the use of hemodialysis to prevent CIN28, 103-105 and two 

assessing the use of hemofiltration to prevent CIN.106, 107 All were RCTs and included patients 
with CKD undergoing cardiovascular interventions. Only one study included patients undergoing 
additional procedures.104 All studies used intra-arterial LOCM; 2 studies also administered it 
intravenous in some of the procedures.103, 104 The studies were published between 1998 and 
2007, with follow up ranging from two weeks to one year. 

All hemodialysis studies compared hemodialysis with intravenous fluids, with the 
hemodialysis arm receiving the same fluid protocol. Normal saline was used in five of the 
studies, and one study used intravenous glucose plus saline, and added an N-acetylcysteine arm 
to the comparison.28 

Hemodialysis was uniformly started after the contrast media was administered, while 
hemofiltration was started before contrast media administration. In one of these studies, designed 
to evaluate the timing of hemofiltration, the therapy was done both before and after 
administration of contrast media (Appendix E, Evidence Tables 1-3, 27).107 

All studies included patients with various degrees of CKD. Three included patients in 
advanced stages of CKD (Stages 4 and 5),104, 105, 107 one included less severe stages of CKD, 
(Stages 3 and 4)106 and one study included patients with milder CKD (Stage 3).28 One study did 
not provide the CKD stage of the patients, but the inclusion criterion was a mild elevation of 
serum creatinine (at least 1.4 mg/dl) (Appendix E, Evidence Tables 1-3, 27).103 

In these studies, the definition of CIN was typically defined as an increase of 0.5 mg/dl above 
baseline, but the timing for measuring change varied from 24 hours to 6 days. One study did not 
provide a definition of CIN (Appendix E, Evidence Tables 1-3, 27).105 

All studies had high risk of bias except for one which had moderate risk of bias.107 All 
studies had an increased risk of bias because of the lack of blinding regarding the allocated 
intervention. Some studies were limited by problems with allocation generation28, 103-105, 
allocation concealment, 28, 103-105, 106 and incomplete outcome reporting 103, 104, 106. 

Contrast Induced Nephropathy 
None of the studies on hemodialysis reported a statistically significant difference between 

intravenous fluids and hemodialysis in preventing CIN.103-105 The incidence of CIN was similar 
in both groups for all of the studies comparing hemodialysis and intravenous saline. The only 
study assessing hemodialysis plus intravenous glucose and saline28 found that patients on 
hemodialysis had higher rates of CIN than those on intravenous saline only and those receiving 
N-acetylcysteine (15.9% vs 6.1% and 5.3%; p = 0.008) at 72 hours, but this effect disappeared 
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when reassessed thirty to sixty days later. The study found no significant difference in the need 
for immediate RRT, and none of the patients required long-term RRT. In addition, the study did 
not find any higher risk of other complications or mortality. Because this study measured 
creatinine at time points that were different from the other studies, the studies were not 
comparable (Appendix E, Evidence Table 27).28 The pooled analysis for the three studies 
comparing hemodialysis to intravenous saline yielded an aggregate RR of 1.40, consistent with a 
clinically important increased risk or no important difference (95% CI: 0.9 to 2.2) (Figure 11). 

The studies indicated that prophylactic hemodialysis does not prevent the incidence of CIN 
in patients with CKD, regardless of the stage of CKD, the duration of the dialysis (from 2 to 4 
hours), or the time between contrast media administration and initiation of dialysis. No benefit 
was found when hemodialysis was started before the contrast media was given.105 The two 
studies that included results on contrast media clearance103, 105 demonstrated that peak levels of 
contrast media were lower in the hemodialysis group than in the control group during the initial 
hours after contrast media administration, but the effect of dialysis was no longer significant 
after 72 hours; after 72 hours, elimination half-life was comparable in both arms. This finding 
correlated with the lack of clinical effect (Appendix E, Evidence Table 28). The strength of 
evidence was low that hemodialysis does not reduce the risk of CIN and may even be harmful, 
because the effects of hemodialysis were consistent and direct but imprecise, the magnitude of 
effect was weak, and the study limitations were high (Table 8). 

The study by Frank, et al.105 was not included in the pooled analysis because it did not 
provide data for the incidence of CIN. It only reported a non-significant difference between arms 
(Appendix E, Evidence Table 28). 

The studies comparing hemofiltration to intravenous fluids reported that patients with severe 
CKD may have a lower incidence of CIN. In these studies, this benefit was evident only when 
hemofiltration was started before the contrast media was administered. As Marenzi, et al.107 

showed, when hemofiltration was started after the contrast media administration, its benefit was 
lost and the risk for developing CIN was comparable to those patients receiving intravenous 
saline only. While one study of hemofiltration included more than 50 patients with Stages 3 to 4 
CKD per arm and the other study included about 30 patients per arm with severe CKD, the 
conclusions were similar (Appendix E, Evidence Table 28). 

The Harbord’s Modified Test for Small Study Effects did not show evidence of asymmetrical 
effects by study size (bias coefficient of 1.68, standard error of 5.56, p=0.81). The evidence was 
insufficient to determine whether hemofiltration reduced the risk of CIN in patients with pre-
existing severe CKD because of high study limitations, small study size, and the concern that 
both studies were from the same authors (i.e., not independently replicated). The hemofiltration 
studies were not combined with the hemodialysis studies in the pooled analysis due to their 
different designs. 

Other Outcomes 
The number of complications was low and extremely similar in both intervention arms for 

hemodialysis studies. Although patients undergoing hemodialysis had a slightly lower risk of 
pulmonary edema, this risk was not statistically significant (Appendix E, Evidence Table 29); 
p=0.36104 and p=NS105). They also showed a slight higher but not significant need for emergency 
hemodialysis, p=0.12 104, p=0.76228. There was no difference between groups in long-term need 
for hemodialysis and mortality104; 28 (Appendix E, Evidence Table 29 
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The strength of evidence was insufficient to determine whether hemodialysis reduces the risk 
of other outcomes due to the heterogeneity of the studies, comparators, and outcomes measured 
(Table 8). 

The studies comparing hemofiltration to intravenous saline demonstrated that patients may 
benefit from hemofiltration because they have a lower risk of emergency RRT (18% vs 0%, p 
<0.001)106 or further RRT, (25% vs 3%, p< 0.001106 and 30% vs 10%, p=0.02107), and lower risk 
for mortality(14% vs 2%, p=0.02)106 . This benefit was evident only when hemofiltration was 
started before contrast media was administered. As Marenzi et al.107 showed, when 
hemofiltration was started after the administration of contrast, its benefit is lost and the risk for 
developing CIN is comparable to those patients receiving hydration only. Another confounder 
for these studies may be the use of bicarbonate instead of saline (Appendix E, Evidence Table 
29). There was, however, a limitation to this group of studies; the studies that compared 
hemofiltration versus intravenous fluids were confounded by the use of intravenous bicarbonate 
with the hemofiltration. Insufficient evidence is available to support the conclusion that 
hemofiltration reduces the need for RRT (Table 8). 

The strength of evidence was insufficient that RRT (either hemofiltration of hemodialysis) 
reduces the risk of other outcomes due to the heterogeneity of the studies, comparators, and 
outcomes measured (Table 8). 

Adverse events were reported in five studies (Appendix E, Evidence Table 30). 28, 56, 104, 105, 

108 The main adverse events reported were hematomas, blood loss, and urinary retention and/or 
anuria. Adverse events were not reported in a standardized manner and rarely were they analyzed 
in these studies, so we were not able to draw any conclusions about whether the incidence of 
adverse events differed between patients receiving RRT and those who did not. 
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   CIN events N (%)
 

Author. year Population Dialysis Hydration RR (95% CI)
 

NOTE: Weights are from random effects analysis 

Overall (I-squared = 3.5%, p = 0.355) 

Vogt, 2001 

Reinecke, 2007 

Lehnert, 1998 

Renal dysfunction 

Renal dysfunction 

Renal dysfunction 

17 (30.9) 

18 (15.9) 

8 (53) 

15 (25.8) 

7 (6) 

6 (40) 

1.4 (0.9, 2.2) 

1.1 (0.6, 2.1) 

2.4 (1.0, 5.5) 

1.2 (0.5, 2.9) 

.2 .5 1 2 5 10 
←Favors Dialysis Favors IV fluids→ 

Risk Ratio and 95% Confidence Intervals 
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N=sample size; P=p-value; RR=risk ratio

Figure 11. Meta-analysis of hemodialysis versus intravenous fluids for the prevention of contrast-induced 
nephropathy. 

%=percent; CI=confidence interval; CIN=contrast-induced nephropathy; CKD=chronic kidney disease; Cr=creatinine; IV=intravenous; LOCM=low-osmolar contrast media; 



 
 

 
   

 

 

 
  

 
 

     
  
     

  
  

  
 

         
   

        
  

   
  
 

      
    

  
   

  
 

      
    

   
 

  
 

      
    

    
 

  
 

      
  

  
 

  
 

      
    

   
 

  
 

      
    

 
 

  
 

      
    

  
 

  
 

      
    

          
 

                   
          

Table 8. Summary of the strength of evidence: RRT versus fluids. 

Outcome 

Study 
design: no. 
studies (N) 

Study 
limitations Directness Consistency Precision 

Strength of 
evidence Summary of key outcomes 

Development of 
CIN HD studies, 

RCT: 4 
(584) 

High Direct Consistent Imprecise Low* Low strength of evidence that 
hemodialysis does not decrease the 
risk of CIN compared to IV fluids 

Development of 
CIN HF studies, 

RCT: 2 
(206) 

High Direct Consistent Imprecise Insufficient Insufficient  strength of evidence to 
support a conclusion 

Development of 
CIN, (all studies) 

RCT: 6 
(790) 

High Direct Inconsistent Imprecise Insufficient Insufficient  strength of evidence to 
support a conclusion 

Need for RRT HD 
studies 

RCT: 3 
(752) 

High Direct Inconsistent Imprecise Insufficient Insufficient  strength of evidence to 
support a conclusion 

Need for RRT HF 
studies 

RCT: 2 
(206) 

Medium Direct Inconsistent Imprecise Insufficient Insufficient  strength of evidence to 
support a conclusion 

Cardiac events HD 
studies 

RCT: 2 
(130) 

High Direct Inconsistent Imprecise Insufficient Insufficient  strength of evidence to 
support a conclusion 

Cardiac events HF 
studies 

RCT: 1 
(114) 

Medium Direct Insufficient Imprecise Insufficient Insufficient  strength of evidence to 
support a conclusion 

Mortality HD 
studies 

RCT: 2 
(537) 

High Direct Inconsistent Imprecise Insufficient Insufficient  strength of evidence to 
support a conclusion 

Mortality HF 
studies 

RCT: 2 
(206) 

Medium Direct Inconsistent Imprecise Insufficient Insufficient  strength of evidence to 
support a conclusion 

CIN=contrast-induced nephropathy; HD=hemodialysis; HF=hemofiltration; RCT=randomized controlled trial; RRT=renal replacement therapy 

*The strength of evidence was graded as low rather than insufficient because the results were precise enough to rule out a clinically important benefit. The results were not precise 
enough to determine whether hemodialysis produced an increase or no difference in the risk of CIN 
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Miscellaneous Comparisons 

Many studies identified in our search did not fall into any of the main comparison groups 
listed above. We identified these comparisons as miscellaneous and categorized them into the 
following groups: N-acetylcysteine versus other interventions; sodium bicarbonate versus other 
interventions; N-acetylcysteine plus sodium bicarbonate versus other interventions; diuretics 
versus other interventions; vasoactive drugs versus other interventions; antioxidants versus 
fluids; dopamine versus other interventions; and head-to-head comparisons of different regimens 
for giving fluids. We summarized the findings of these miscellaneous comparisons below. All 
studies investigated the impact of the interventions on CIN. Full details are in Appendix H, 
Miscellaneous Comparisons; Appendix I, Evidence Tables for Miscellaneous Comparisons. 

N-acetylcysteine versus Other Interventions 

We found 23 studies comparing N-acetylcysteine with other interventions including ascorbic 
acid,19, 109 nebivolol,110 atorvastatin,93 aminophylline,53 theophylline,23, 60, 111 fenoldopam,38, 112, 

113 misoprostol,60 intravenous fluids,28, 42, 84, 114 and dialysis. 24 There was substantial 
heterogeneity across these studies in terms of: dose of N-acetylcysteine; dose, type and duration 
of intravenous fluids; sample size; and followup period. The definition of CIN varied across 
studies as well. Because of the large heterogeneity of studies, a meta-analysis was not performed. 
A more detailed description of studies in this group and a summary of outcomes can be found in 
Appendices H, and I. 

Sodium Bicarbonate versus Other Interventions 

We found five studies comparing sodium bicarbonate with other interventions not involving 
N-acetylcysteine.115-119 The comparison interventions included acetazolamide,118 long-term 
versus short-term sodium bicarbonate,115 sodium bicarbonate in five percent dextrose versus 
normal saline in 5 percent dextrose,119 intravenous sodium bicarbonate versus oral sodium 
bicarbonate,116 and saline versus saline plus sodium bicarbonate. Two studies used IOCM, two 
used LOCM, and one used both LOCM and IOCM. There was considerable heterogeneity across 
studies in terms of dose of sodium bicarbonate, dose and duration of other comparators, sample 
size, and follow-up period. All studies with the exception of one defined CIN as an increase of 
serum creatinine of 25% or at least 0.5 mg from baseline. Because of the large heterogeneity of 
studies, a meta-analysis was not performed. A more detailed description of studies in this group 
and a summary of outcomes can be found in Appendices H, and I. 

N-acetylcysteine plus Sodium Bicarbonate versus Other Interventions 

We found seven studies comparing N-acetylcysteine plus sodium bicarbonate versus other 
interventions.42, 84, 109, 120-123 In all studies, sodium bicarbonate was given intravenous at 3 
ml/kg/hour or at 1 ml/kg/hour, before and after contrast media administration. A total of two 
doses of N-acetylcysteine was given prior to and after contrast media administration. All studies 
used nonionic IOCM. However, two studies also included administration of LOCM. N-
acetylcysteine plus sodium bicarbonate was compared to N-acetylcysteine plus normal saline,109, 

122 Renal Guard,120 sodium bicarbonate plus dextrose,84 or sodium bicarbonate alone.121 The 
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study population for all trials was comprised of patients with renal dysfunction who were 
undergoing coronary interventions or another major arteriographic procedure, and three of the 
studies only included patients with Stage 3or Stage 4 CKD.84, 120, 121 Due to the substantial 
heterogeneity of the comparators, and follow-up periods, a meta-analysis was not performed. A 
more detailed description of studies in this group and a summary of outcomes can be found in 
Appendices H, and I. 

Diuretics versus Other Interventions 

We found three studies comparing the use of different diuretics (furosemide, mannitol, and 
acetazolamide) in combination with intravenous saline to prevent CIN.11, 118, 124 All studies 
included patients undergoing cardiovascular interventions and all studies included patients with 
diabetes mellitus. Two studies used LOCM and one used IOCM. Two studies evaluated 
furosemide as the diuretic of interest.11 , 124 These two studies used it as a single comparator11, 124 

Diuretic administration was given intravenous in all of the studies, but the protocols and doses 
varied. One study evaluated the effects of mannitol,11 and another included acetazolamide. Due 
to the substantial heterogeneity of the comparators, and follow-up periods, a meta-analysis was 
not performed. A more detailed description of studies in this group and a summary of outcomes 
can be found in Appendices H, and I. 

Vasoactive Agents versus Other Interventions 

We found eight studies comparing vasoactive agents to other interventions: four studies on 
fenoldopam 38, 112, 113, 125; two on calcium antagonists (one with nifedipine),60 one with the 
combination of amlodipine and valsartan, an angiotensin receptor blocker)126; one on benazepril 
(an ACE inhibitor),127 and one on nevibolol (a beta blocker).110 One study included only patients 
undergoing CT imaging,60 the remainder of the studies included patients undergoing 
cardiovascular interventions. All studies included patients with diabetes mellitus, but only one 
performed subgroup analysis for this population.113 Four studies use LOCM, three used IOCM, 
and one used both IOCM and LOCM. The studies were very heterogeneous, from the 
medications included to the doses used. A more detailed description of studies in this group and 
a summary of outcomes can be found in Appendices H and I. 

Antioxidants versus Hydration 

We found five studies evaluating different antioxidant strategies for preventing CIN. The 
antioxidant probucol was evaluated in two of these studies,128, 129 while the other three 
investigated pentoxifylline, an antioxidant and anti-inflammatory agent,130 sodium-2 
mercaptoethanesulfonate (MESNA), a scavenger of reactive oxygen species,131 and zinc, which 
has the potential to act as an “endogenous antioxidant” via increasing metallothionein46. All were 
conducted in patients with impaired renal function (serum creatinine greater than 1.2 and less 
than 3.0 mg/dl) undergoing coronary interventions and receiving LOCM. A more detailed 
description of studies in this group and a summary of outcomes can be found in Appendices H 
and I. 
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Fluid Interventions 

We found 11 studies comparing different fluid regimens.116, 132-141 Notably, two studies 
compared fluids to no fluids, with one comparing 0.45% saline137 and the other investigating 
normal saline.133 Three compared oral fluids to intravenous normal saline,116, 132, 140 and two 
compared isotonic saline to hypotonic saline.135, 141 The timing of hydration, whether prior to or 
after the procedure, was compared in two studies.133, 138 Saline was separately compared with 
dextrose or sodium bicarbonate in three studies. (Appendix I; Evidence Tables A-C; P1).133, 136, 

139 All of these studies defined CIN as an increase in serum creatinine by 25 percent or a change 
in serum creatinine of 0.5mg from baseline at 48 or 72 hours. However, one study also used an 
increase of glomerular filtration rate from a baseline of 50 percent.138 A more detailed 
description of studies in this group and a summary of outcomes can be found in Appendices H, 
and I. 

Dopamine versus Other Interventions 

We found three studies assessing the effectiveness of dopamine in reducing CIN in patients 
with impaired renal function.142-144 One of the studies compared dopamine and a placebo,144 and 
another compared a combination of dopamine and furosemide to a combination of dopamine, 
furosemide, mannitol, and saline.143 The remaining study had three arms that compared 
dopamine, saline, and aminophylline.142 In all of the studies, dopamine was administered prior to 
and after contrast media administration. In two of the studies, the dose of dopamine was 2.5 
microgram/kg/min,142, 144 and the other study uses a dose of 3 microgram/kg/ml.143 One study 
had no definition set for CIN,143 while the other studies defined CIN as a change in serum 
creatinine greater than or equal to 25 percent or greater than 0.5 mg from baseline. A more 
detailed description of studies in this group and a summary of outcomes can be found in 
Appendices H and I. 
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Discussion
 

We performed a comprehensive review of all major interventions to prevent contrast-induced 
nephropathy (CIN) that are explored in the literature. In this section, we highlight the 
interventions for which evidence of a clinically important benefit is strongest and provide 
commentary on the limitations of the evidence as well as the manner in which our review results 
compare with the findings of previous reviews that examined selected portions of this large body 
of evidence. We also discuss the implications of our findings for clinicians, investigators, and 
policy makers (e.g., professional societies that set guidelines on the use of contrast media, and 
health plans that make decisions about coverage for interventions). 

N-acetylcysteine plus Intravenous Saline versus Intravenous Saline 
With or Without Placebo 

N-acetylcysteine is a thiol compound with both antioxidant and vasodilatory properties. Our 
meta-analyses indicated that N-acetylcysteine provides a small clinically important benefit in 
reducing the risk of CIN when a high dose is used, although the strength of the evidence was 
low. These findings are similar to previously published meta-analyses.145, 146 Although prior 
meta-analyses have demonstrated the benefits of N-acetylcysteine, our analysis separated the 
effects of low dose N-acetylcysteine and high dose N-acetylcysteine.  It appears the effect of 
high dose N-acetylcysteine is slightly greater than the effect of low dose N-acetylcysteine, with 
the difference being enough to produce a clinically important benefit. 

Stratified analyses demonstrated that both low doses (< 1200 mg/day) and high doses (> 
1200 mg/day) of N-acetylcysteine yielded a small decrease in the incidence of CIN, especially 
when the contrast media was administered intra-arterial. However, contrary to a recently 
published meta-analysis,147 our analyses did not demonstrate a clear benefit of administering N-
acetylcysteine for patients receiving intravenous contrast media. This difference may be due to 
methodological variations among the studies. The recently published meta-analysis148 included 
studies in which CIN was defined not only by change in serum creatinine but also by changes in 
cystatin C. In addition, in some of the studies included in the meta-analysis, the timeframe for 
the definition of CIN was longer than 72 hours. More studies are needed to investigate whether 
there is any benefit of administering N-acetylcysteine to patients receiving an imaging test when 
the contrast media is administered intravenous. 

Another critical point is that Wu et al, 2013149found that the risk of CIN was reduced with N-
acetylcysteine in patients with a baseline serum creatinine greater than 1.2 mg/d. They did not 
find a benefit of N-acetylcysteine in low-risk patients. Our meta-analysis was not limited to 
individuals with kidney disease. We did not have patient level data to do stratification analysis 
based on serum creatinine level. Therefore, a potential benefit in patients without CKD cannot be 
excluded. Pretest serum creatinine level is an important covariate associated with CIN and this 
needs further focused studies to systematically elucidate whether a standard dose of N-
acetylcysteine would be beneficial in patients with high preexisting serum creatinine level.  

Our stratification analysis showed a particular benefit of N-acetylcysteine in reducing the 
incidence of CIN when LOCM is used for intra-arterial contrast studies. There was no evidence 
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for a clear benefit of administering N-acetylcysteine intravenous versus administering it orally. 
Because of the great variability in study protocols as well as the conflicting results of the 

available clinical trials, the recommendations for N-acetylcysteine administration vary by 
organization. For example, the joint American College of Cardiology/American Heart 
Association 2012 guidelines do not recommend the use of N-acetylcysteine for patients receiving 
intra-arterial contrast in cardiac procedures.150 However, the 2012 Kidney Disease: Improving 
Global Outcomes (KDIGO) Clinical Practice Guideline for Acute Kidney Injury report 
recommended using oral N-acetylcysteine with intravenous fluids in patients at increased risk for 
CIN.150 The KDIGO recommendation is based on the argument that although the overall benefit 
for N-acetylcysteine is not consistent or overwhelming, it is inexpensive, appears to be safe, and 
has been shown in many studies to have an effect in reducing the risk of CIN.151 Although our 
analysis did not reveal a difference in effectiveness according to the baseline risk of CIN, it does 
provide low strength of evidence consistent with the KDIGO recommendation that administering 
N-acetylcysteine at high dose may have a small clinically important benefit. 

Sodium Bicarbonate versus Intravenous Saline 

It has been hypothesized that sodium bicarbonate may be preferable to other forms of 
intravenous fluids because alkanization may protect against free radical injury. Our meta-
analysis on this topic demonstrated with low strength of evidence that intravenous sodium 
bicarbonate did not differ from intravenous saline in the incidence of CIN, although the CI for 
the aggregate effect estimate was not precise enough to rule out the possibility of a clinically 
important benefit with sodium bicarbonate. Our results are in contrary to the conclusion of a 
recent meta-analysis including 19 clinical trials 72 investigating the effect of intravenous sodium 
bicarbonate. Our analysis included 13 RCTs which compared intravenous sodium bicarbonate 
versus intravenous saline. In comparison, the other meta-analysis also included five studies with 
combination regimens of intravenous sodium bicarbonate and N-acetylcysteine. This difference 
in the included studies helps to explain why we did not find a clinically significant effect size 
favoring intravenous sodium bicarbonate administration. 

The strength of evidence also was low that intravenous sodium bicarbonate did not produce a 
clinically important reduction in mortality or the need for RRT when compared with intravenous 
saline. The evidence was insufficient to support conclusions about whether intravenous sodium 
bicarbonate differs from intravenous saline in the effect on cardiac events or length of 
hospitalization. The optimal timing and amount of fluid administration is also not established. 

N-acetylcysteine plus Intravenous Saline versus Intravenous Sodium 
Bicarbonate 

We found four RCTs21, 38, 51, 84 addressing the effects of N-acetylcysteine with concurrent 
administration of intravenous saline compared with intravenous sodium bicarbonate. However, 
the evidence was insufficient to support a conclusion about the comparative effectiveness of 
these two interventions in their ability to prevent CIN. We found no other meta-analyses on this 
head-to-head comparison. Limitations of the head-to-head comparison of N-acetylcysteine with 
concurrent administration of intravenous saline compared with intravenous sodium bicarbonate 
include small number of studies, the varying regimens of fluid administration and N-
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acetylcysteine dosing, the variations in follow-up time and variation in inclusion criteria which 
predisposes to CIN, as we described in the result section. 

However, in another part of our analysis, we found low strength of evidence for a clinically 
important decrease in CIN with high dose N-acetylcysteine plus intravenous saline compared 
with intravenous saline alone, and low strength of evidence for no important difference in CIN 
risk between intravenous sodium bicarbonate intravenous saline. This indirect evidence may 
favor administration of N-acetylcysteine in the prevention of CIN, though we have insufficient 
evidence now based on direct head-to-head comparison of N-acetylcysteine and sodium 
bicarbonate.  If additional studies are done to assess the comparative effectiveness of these two 
interventions, it would be important to focus on comparing intravenous sodium bicarbonate to 
high dose N-acetylcysteine with intravenous saline.  Again, it would be important to investigate 
this in patients with a high baseline serum creatinine in whom the risk of developing CIN is 
higher. 

Statins plus Intravenous Fluids versus Intravenous Fluids With or 
Without Placebo 

Several observational studies suggest the possibility that statins may reduce the incidence of 
CIN. It has been proposed that this finding may be due to the potentially favorable effects on 
endothelial function, oxidative function, arterial stiffness, and inflammation. We found eight 
RCTs evaluating the use of statins to prevent CIN. Our results showed a statistically significant 
protective effect against CIN when statins are administered in combination with intravenous 
fluids compared with intravenous fluids alone. We saw this treatment effect in populations with 
chronic kidney disease (CKD)91-94, 96 or diabetes mellitus94 that are undergoing intra-arterial 
contrast media administration for coronary angiography and/or coronary interventions. Overall, 
the strength of evidence was moderate for the finding that statins given with intravenous fluids 
are more effective than intravenous fluids alone at preventing CIN. 

These results are consistent with five152-156 out of eight recent meta-analyses on the same 
comparisons.152-159 Two of the meta-analyses showing significant decreases in CIN in the statin 
group only saw the decrease in patients with CKD greater than stage 3.153, 154 All of the studies 
included in our meta-analysis were included in the previous meta-analyses with the addition of 
two more recent studies by Quintavalle et al., 201291, 111 and Han et al., 2013.94 One of these was 
a large study showing significant decreases in the incidence of CIN in the arms receiving 
statins.94 

The oldest study included in our meta-analysis was published in 2008.96 Based on this 
review, the dose and duration of statin administration for prophylaxis against CIN has not 
changed over the last 5 years. The most important factor to note in this investigation and in 
previous investigations is that statins appear to protect patients against CIN. Currently, protocols 
for prevention of CIN in the United States do not include the use of statins, despite these results 
and increasing recognition of the beneficial cholesterol-independent vascular effects of statins. It 
may be time to reassess the role of statins in preventing CIN, especially since statins are readily 
available, easy to administer, and relatively inexpensive. 
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Adenosine Antagonists plus Intravenous Saline versus Intravenous 
Saline 

Elevated adenosine levels can lead to renal vasoconstriction after contrast media exposure, so 
it has been proposed that adenosine antagonists, such as theophylline and aminophylline, could 
prevent CIN. We found four RCTs examining the role of theophylline and one examining the 
role of aminophylline in the prevention of CIN. All trials used intravenous normal saline in both 
treatment groups. Our analyses showed insufficient evidence to demonstrate an overall treatment 
effect of theophylline or aminophylline plus intravenous saline when compared with intravenous 
saline alone for the prevention of CIN. There were wide variations in the effect estimates for 
individual studies, ranging from a ten-fold decrease in the risk of developing CIN with 
theophylline 100 to an almost 6-fold increase in the risk of developing CIN with theophylline.99 

Although our test of heterogeneity demonstrated that almost half of the uncertainty in the latter 
estimate could be explained by differences between studies, the p-value around this estimate was 
not statistically significant. Clinically, the variation could be explained by the heterogeneity of 
the populations in the studies, which ranged from patients with stable coronary artery disease53 to 
those with moderate to severe CKD.23 A previous meta-analysis showed that the administration 
of theophylline or aminophylline was associated with less of a decline in kidney function than if 
it was not given. 160 However, intravenous saline was not administered in all the studies. In 
addition, the authors were unable to comment on the incidence of CIN based on the information 
provided in the articles. The authors of a meta-analysis looking at the effects of theophylline 
reported a trend toward a reduction in the incidence of CIN with theophylline use, but noted that 
the findings were inconsistent across studies. 161 

Overall, the evidence on the effects of adenosine antagonists on CIN was limited by medium 
to high risk of bias in the studies, and considerable inconsistency and imprecision in the effect 
estimates. Only one of the relevant studies looked at intravenous contrast media administration; 
this may be relevant because the effect of prophylactic agents on CIN may differ depending on 
the method of contrast media administration. 162, 163 The evidence also suffered from a lack of 
reporting on secondary outcomes such as need for dialysis, prolonged hospitalization, in-hospital 
mortality, and adverse drug effects. In this situation, the evidence seems insufficient to support 
much investment in further studies of the use of adenosine antagonists in preventing CIN. 

Renal Replacement Therapy versus Intravenous Fluids 

Hemodialysis and hemofiltration are invasive and expensive procedures that carry risks, but 
can remove some of the administered contrast. However, it is not known if this contrast removal 
actually leads to a clinical benefit in terms of decreasing the incidence of CIN. Our analyses did 
not demonstrate a decreased incidence of CIN in individuals receiving hemodialysis. A previous 
meta-analysis by Cruz et al actually demonstrated a potentially increased risk of CIN in patients 
receiving hemodialysis.164 However, limitations of the studies we found include small sample 
size, lack of rigorous controls, and uncertainties about the magnitude of delays between contrast 
administration and initiation of hemodialysis. 

The studies comparing hemofiltration to intravenous saline reported that patients with severe 
CKD may have a lower risk for CIN with hemofiltration, especially when hemofiltration is 
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started before the contrast media administration. These conclusions are limited by the fact that 
we only found two studies reporting this, and both are from the same authors and same 
institution. Another limitation is that the control groups received intravenous saline, while the 
patients undergoing hemofiltration received intravenous sodium bicarbonate as part of the 
procedure. Hemofiltration is expensive and requires patients to be admitted to and monitored in 
an intensive care unit. Furthermore, based on the design flaws in the reported trials and the 
paucity of studies examining this, further research is needed before proposing to expose patients 
to this invasive procedure as a standard prophylactic measure. It is important to note that the 
benefit of hemofiltration was only seen in these studies when it was initiated before the contrast 
media was given. Therefore, any added benefit is not from removal of the contrast media, and it 
is proposed that the benefit may be secondary to the ability to provide more vigorous hydration. 
Clinical trials comparing hemofiltration with intravenous fluid protocols, and stronger trials that 
include investigation of the pharmacodynamics of the contrast media elimination during 
hemofiltration, may help better understand this procedure and its benefits. 

Several additional limitations should be noted. Renal injury after contrast media 
administration occurs rapidly, and in these studies, hemodialysis may have been started too late 
to provide a significant benefit. Furthermore, the removal of creatinine by hemodialysis or 
hemofiltration limits the assessment of CIN as an outcome. However, while a false decrease in 
serum creatinine due to hemodialysis or hemofiltration is expected to bias the results toward a 
protective effect on the incidence of CIN, the results for hemodialysis actually suggested 
possible harm. The lack of a clinical benefit of RRT may also be secondary to possible adverse 
events directly caused by the procedure (e.g., hypotension that may worsen kidney injury). Based 
on these results and the limitations and risks of the procedures, evidence is insufficient to support 
a clinically important benefit of RRT. 

Our findings coincide with the previously published systematic review by Cruz,164 which 
concludes that RRT does not provide any protection against CIN. That systematic review 
included additional studies that did not meet our inclusion criteria (a total of nine RCTs and two 
non-randomized RCTs). 

Miscellaneous Comparisons 

Many studies identified in our search did not fall into any of the main comparison groups 
listed above. For all of the miscellaneous comparisons, we were unable to support conclusions on 
the effectiveness of one intervention versus the other in preventing CIN. 

Surprisingly little evidence exists on the comparative effectiveness of different regimens for 
giving fluids to patients receiving intra-vascular contrast media, despite the fact that current 
clinical practice often involves use of oral hydration alone. Oral hydration is a simple and 
potentially cost-effective strategy for preventing CIN, if proven to be as effective as intravenous 
saline.  Unfortunately, few studies investigated oral hydration versus intravenous saline. Hence, 
more studies are needed to investigate the effectiveness of oral hydration versus intravenous 
saline, especially for intra-arterial contrast procedures such as coronary angiography. 
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Overall Limitations 

One of the biggest limitations of our systematic review is the marked heterogeneity of the 
study protocols, populations, definitions of CIN, and follow-up times in the studies. The 
heterogeneity limited our ability to assess all of the comparisons of interest. Because studies 
varied in their use and definition of kidney insufficiency as an inclusion criterion, and often did 
not report results stratified by baseline kidney function, it was very difficult to assess how the 
effectiveness of interventions might vary according to baseline kidney function. The studies 
generally did not report results in a manner that would permit assessment of how the effects of 
interventions might differ by other characteristics of patients. Also, some of the studies we found 
were excluded because their definition of CIN did not match our pre-specified definition; this is 
one of the reasons why our findings sometimes differed from those of other meta-analyses. 

A second major limitation is that it is very difficult to apply the existing evidence to patients 
receiving intravenous contrast media because the vast majority of studies focused on patients 
receiving intra-arterial contrast media. It is possible that the risk of CIN is very low with the 
LOCM and IOCM protocols now used routinely with intravenous imaging. However, studies 
generally did not report results in a way that allows for determination of how the effects of 
interventions might differ by differences in the type, route, or volume of contrast media used. 

A third limitation is that studies were very inconsistent in reporting on longer-term clinical 
outcomes that would be more important to patients than whether their serum creatinine level 
increased or their GFR decreased. In general, the evidence was insufficient to support 
conclusions about the comparative effects of interventions on long-term clinical outcomes. 

Finally, the results of the review are susceptible to bias in the available evidence. Many of 
the included studies had medium or high risk of bias, including problems with selection bias 
(from inadequate methods for allocating patients to treatment assignments), detection bias (from 
limited blinding of outcome assessments), attrition bias (from incomplete outcome assessments), 
and reporting bias (from selective reporting of outcomes). In addition, publication bias is a 
concern in this body of literature, as reported by Vaitkus et al., 2007165 who showed that the 
estimated effectiveness of N-acetylcysteine was greater in published articles than in unpublished 
abstracts. Despite our extensive search, we may have missed studies that have not been presented 
in a publicly available forum. Although we did not find evidence of asymmetry of results by 
study precision, statistical techniques have limited ability to detect publication bias. In general, 
we would expect the overall results of existing biases in this body of evidence to lead to an over-
estimate of the effectiveness of interventions. 

Future Research Section 

Future studies of the comparative effectiveness of interventions for preventing CIN should 
stratify patients according to their baseline risk of CIN, especially since it may be difficult to 
detect a difference in patients having a low risk of CIN. Patients with normal or near normal 
serum creatinine may have a lower risk for developing CIN compared to those with higher serum 
creatinine levels. Also, patients with risk factors for CKD may have a higher risk of developing 
CIN than patients without such risk factors. Unfortunately, we had a limited ability to stratify the 
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analysis according to baseline risk because almost all studies had a mixed patient population and 
did not report the results separately by baseline risk. 

Since the evidence for a small benefit from high-dose N-acetylcysteine was not strong, more 
research is needed in this area. Future research could examine whether the effectiveness of high-
dose N-acetylcysteine differs by route of administration (oral versus intravenous), timing of 
administration (before versus after the procedure), or baseline risk of developing CIN. Given the 
evidence that intravenous sodium bicarbonate did not differ from intravenous saline in the 
incidence of CIN, it may be difficult to justify additional RCTs of intravenous sodium 
bicarbonate unless new evidence emerges to suggest that particular regimens for administering 
sodium bicarbonate are more effective than the usual administration of intravenous saline, or that 
sodium bicarbonate has a benefit for particular groups of patients having a higher risk of 
developing CIN. 

The clinically important benefit of statins demonstrated in this analysis provides a rationale 
for further studies investigating whether the effect differs by statin dose, timing of 
administration, or baseline risk of the patient population. Further investigation into the findings 
on statins versus hydration could be performed through examination of the possible effect of 
modifiers such as baseline kidney function, type of contrast media, statin dosage, concurrent use 
of nephrotoxic medications, and patient demographics. 

Little evidence exists on the comparative effectiveness of different regimens for giving fluids 
to patients receiving contrast media, despite the fact that current clinical practice often involves 
use of oral hydration alone for studies performed with intravenous contrast media administration. 
Oral hydration is a simple and potentially cost-effective strategy for preventing CIN, if shown to 
be as effective as intravenous saline. Unfortunately, very few studies investigated oral hydration 
versus intravenous saline. Hence, more studies are needed to investigate the effectiveness of oral 
hydration versus intravenous saline, especially for intra-arterial contrast procedures such as 
coronary angiography. 

It is very difficult to apply the existing evidence to patients undergoing procedures with 
intravenous contrast media administration because the vast majority of studies focused on 
patients receiving intra-arterial contrast media. The risk of CIN may be low enough with the 
intravenous administration of LOCM and IOCM to make it very difficult to demonstrate the 
effectiveness of an intervention for preventing CIN. To determine the effectiveness of 
interventions for preventing CIN in patients receiving intravenous contrast media, it may be 
necessary to perform large studies of patients having risk factors for developing CKD. 

More good quality, head-to-head trials are needed to identify the most efficacious regimen 
for preventing CIN based on an accepted definition of CIN and consideration of subsequent 
outcomes that are important to patients, especially in patients at increased risk for developing 
CIN. Additional questions that still need to be addressed include whether or not low-risk 
individuals (e.g., without diabetes mellitus or other risk factors for developing kidney disease) 
could benefit from any prophylactic treatment, and whether the minimum standard for 
administering fluids or other interventions to prevent CIN should be different for intravenous 
versus intra-arterial administration of contrast media. 

Finally, there is paucity of data for other outcomes in the current reported trials.  Critical for 
future studies is more standardized reporting on adverse outcomes such as drug side effects, need 
for hemodialysis, length of hospitalization, and mortality. This would aid in the compilation of a 
more complete risk-benefit profile, allowing for assessment of comparable interventions in this 
clinical setting. 
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Conclusions 

The optimal therapy to prevent CIN is uncertain despite being the topic of numerous studies. 
The most accepted method for preventing CIN at this time involves use of intravenous fluids, 
though there is no consensus regarding the ideal type of fluids or the ideal regimen for 
administering fluids. Of all the other interventions that have been used to reduce the risk of CIN, 
the only ones with evidence of a clinically important benefit over use of intravenous fluids alone 
are high-dose N-acetylcysteine with intravenous saline, and statins with intravenous fluids. N-
acetylcysteine is recommended by some organizations because it is an inexpensive drug that 
appears to be safe and may be beneficial in protecting against CIN.  The ideal dose and method 
of administration of N-acetylcysteine is not known. We are not aware of any guidelines 
recommending use of statins to prevent CIN despite moderate strength of evidence that statins 
have a beneficial effect. 

58
 



 
 

 
 

 

 

 
 

 

 
 

 

 

 

 

 

 

 
 

 

 

 
 

 
 

 
 

  

 

 

 
 

 

 

 
 

 

 
 

 
 

 

 
 

 

 
 
 

 

References
 

1. 	Pannu N, Wiebe N, Tonelli M. 
Prophylaxis strategies for contrast-
induced nephropathy. JAMA. 2006 Jun 
21;295(23):2765-79. PMID: 16788132. 

2. 	Brenner DJ, Hall EJ. Computed 
tomography--an increasing source of 
radiation exposure. N Engl J Med. 2007 
Nov 29;357(22):2277-84. PMID: 
18046031. 

3. 	Katzberg RW, Barrett BJ. Risk of 
iodinated contrast material--induced 
nephropathy with intravenous 
administration. Radiology. 2007 
Jun;243(3):622-8. PMID: 17446526. 

4. 	McDonald JS, McDonald RJ, Comin J, et 
al. Frequency of acute kidney injury 
following intravenous contrast medium 
administration: a systematic review and 
meta-analysis. Radiology. 2013 
Apr;267(1):119-28. PMID: 23319662. 

5. 	Sun Z, Fu Q, Cao L, et al. Intravenous N-
acetylcysteine for prevention of contrast-
induced nephropathy: a meta-analysis of 
randomized, controlled trials. PLoS One. 
2013;8(1):e55124. PMID: 23383076. 

6. 	Loomba RS, Shah PH, Aggarwal S, et al. 
Role of N-Acetylcysteine to Prevent 
Contrast-Induced Nephropathy: A Meta-
analysis. Am J Ther. 2013 Aug 26PMID: 
23982694. 

7. 	Xie H, Ye Y, Shan G, et al. Effect of 
statins in preventing contrast-induced 
nephropathy: an updated meta-analysis. 
Coron Artery Dis. 2014 Jul 17PMID: 
25036858. 

8. 	Dabare D, Banihani M, Gibbs P, et al. 
Does bicarbonate prevent contrast-
induced nephropathy in cardiovascular 

patients undergoing contrast imaging? 
Interact Cardiovasc Thorac Surg. 2013 
Dec;17(6):1028-35. PMID: 23996732. 

9. 	Mueller-Lenke N, Buerkle G, Klima T, et 
al. Incidence of contrast-induced 
nephropathy with volume 
supplementation--insights from a large 
cohort. Med Princ Pract. 2008;17(5):409-
14. PMID: 18685283. 

10. 	Mueller C. Prevention of contrast-
induced nephropathy with volume 
supplementation. Kidney Int Suppl. 
2006 Apr(100):S16-9. PMID: 
16612395. 

11. 	Solomon R, Werner C, Mann D, et al. 
Effects of saline, mannitol, and 
furosemide to prevent acute decreases 
in renal function induced by 
radiocontrast agents. N Engl J Med. 
1994 Nov 24;331(21):1416-20. PMID: 
7969280. 

12. 	Practice Parameters and Technical 
Standards. American College of 
Radiology. http://www.acr.org/Quality-
Safety/Standards-Guidelines. Accessed 
on June 17, 2014. 

13. 	Benko A, Fraser-Hill M, Magner P, et 
al. Canadian Association of 
Radiologists: consensus guidelines for 
the prevention of contrast-induced 
nephropathy. Can Assoc Radiol J. 2007 
Apr;58(2):79-87. PMID: 17521052. 

14. 	McCullough PA, Stacul F, Becker CR, 
et al. Contrast-Induced Nephropathy 
(CIN) Consensus Working Panel: 
executive summary. Rev Cardiovasc 
Med. 2006 Fall;7(4):177-97. PMID: 
17224862. 

59
 



 
 

 
 

 
 

 

 

 

 

 

 

  

 
 

 
 

 

 
 

 

 

 
 

 

 
 

 
 

 

 
 

 
 

 
 

 

 
 

 

 

 
 

 

 

 

15. 	Ascenti G, Mazziotti S, Zimbaro G, et 
al. Complex cystic renal masses: 
characterization with contrast-enhanced 
US. Radiology. 2007 Apr;243(1):158-
65. PMID: 17392251. 

16. 	DerSimonian R, Laird N. Meta-analysis 
in clinical trials. Control Clin Trials. 
1986 Sep;7(3):177-88. PMID: 3802833. 

17. 	Guyatt GH, Oxman AD, Kunz R, et al. 
GRADE guidelines 6. Rating the 
quality of evidence--imprecision. J Clin 
Epidemiol. 2011 Dec;64(12):1283-93. 
PMID: 21839614. 

18. 	Methods Guide for Effectiveness and 
Comparative Effectiveness Reviews. 
2014. 
http://effectivehealthcare.ahrq.gov/inde 
x.cfm/search-for-guides-reviews-and-
reports/?productid=318&pageaction=di 
splayproduct. Accessed on April, 30 
2014. 

19. 	Brueck M, Cengiz H, Hoeltgen R, et al. 
Usefulness of N-acetylcysteine or 
ascorbic acid versus placebo to prevent 
contrast-induced acute kidney injury in 
patients undergoing elective cardiac 
catheterization: a single-center, 
prospective, randomized, double-blind, 
placebo-controlled trial. J Invasive 
Cardiol. 2013 Jun;25(6):276-83. PMID: 
23735352. 

20. 	Carbonell N, Sanjuan R, Blasco M, et 
al. N-acetylcysteine: short-term clinical 
benefits after coronary angiography in 
high-risk renal patients. Rev Esp 
Cardiol. 2010 Jan;63(1):12-9. PMID: 
20089221. 

21. 	Amini M, Salarifar M, Amirbaigloo A, 
et al. N-acetylcysteine does not prevent 
contrast-induced nephropathy after 
cardiac catheterization in patients with 
diabetes mellitus and chronic kidney 
disease: a randomized clinical trial. 
Trials. 2009;10:45. PMID: 19563648. 

22. 	Ferrario F, Barone MT, Landoni G, et 
al. Acetylcysteine and non-ionic 
isosmolar contrast-induced 
nephropathy--a randomized controlled 
study. Nephrol Dial Transplant. 2009 
Oct;24(10):3103-7. PMID: 19549691. 

23. 	Baskurt M, Okcun B, Abaci O, et al. N-
acetylcysteine versus N-acetylcysteine 
+ theophylline for the prevention of 
contrast nephropathy. Eur J Clin Invest. 
2009 Sep;39(9):793-9. PMID: 
19500141. 

24. 	Holscher B, Heitmeyer C, Fobker M, et 
al. Predictors for contrast media-
induced nephropathy and long-term 
survival: prospectively assessed data 
from the randomized controlled 
Dialysis-Versus-Diuresis (DVD) trial. 
Can J Cardiol. 2008 Nov;24(11):845-
50. PMID: 18987758. 

25. 	Ozcan EE, Guneri S, Akdeniz B, et al. 
Sodium bicarbonate, N-acetylcysteine, 
and saline for prevention of 
radiocontrast-induced nephropathy. A 
comparison of 3 regimens for 
protecting contrast-induced 
nephropathy in patients undergoing 
coronary procedures. A single-center 
prospective controlled trial. Am Heart 
J. 2007 Sep;154(3):539-44. PMID: 
17719303. 

26. 	Poletti PA, Saudan P, Platon A, et al. 
I.v. N-acetylcysteine and emergency 
CT: use of serum creatinine and 
cystatin C as markers of radiocontrast 
nephrotoxicity. AJR Am J Roentgenol. 
2007 Sep;189(3):687-92. PMID: 
17715118. 

27. 	Seyon RA, Jensen LA, Ferguson IA, et 
al. Efficacy of N-acetylcysteine and 
hydration versus placebo and hydration 
in decreasing contrast-induced renal 
dysfunction in patients undergoing 
coronary angiography with or without 

60
 



 
 

 
 

 

 
 

 

 

 

 

 

 
 

 
 
 

 

 
 

 

 

 

 

 

 

 
 

 
 

 

 

 
 

 

 

 

 

 

 
 

 
 

concomitant percutaneous coronary 
intervention. Heart Lung. 2007 May-
Jun;36(3):195-204. PMID: 17509426. 

28. 	Reinecke H, Fobker M, Wellmann J, et 
al. A randomized controlled trial 
comparing hydration therapy to 
additional hemodialysis or N-
acetylcysteine for the prevention of 
contrast medium-induced nephropathy: 
the Dialysis-versus-Diuresis (DVD) 
Trial. Clin Res Cardiol. 2007 
Mar;96(3):130-9. PMID: 17180572. 

29. 	Kotlyar E, Keogh AM, 
Thavapalachandran S, et al. 
Prehydration alone is sufficient to 
prevent contrast-induced nephropathy 
after day-only angiography procedures-
-a randomised controlled trial. Heart 
Lung Circ. 2005 Dec;14(4):245-51. 
PMID: 16360994. 

30. 	Gulel O, Keles T, Eraslan H, et al. 
Prophylactic acetylcysteine usage for 
prevention of contrast nephropathy after 
coronary angiography. J Cardiovasc 
Pharmacol. 2005 Oct;46(4):464-7. 
PMID: 16160598. 

31. 	Miner SE, Dzavik V, Nguyen-Ho P, et 
al. N-acetylcysteine reduces contrast-
associated nephropathy but not clinical 
events during long-term follow-up. Am 
Heart J. 2004 Oct;148(4):690-5. PMID: 
15459602. 

32. 	Goldenberg I, Shechter M, Matetzky S, 
et al. Oral acetylcysteine as an adjunct 
to saline hydration for the prevention of 
contrast-induced nephropathy following 
coronary angiography. A randomized 
controlled trial and review of the 
current literature. Eur Heart J. 2004 
Feb;25(3):212-8. PMID: 14972421. 

33. 	Oldemeyer JB, Biddle WP, Wurdeman 
RL, et al. Acetylcysteine in the 
prevention of contrast-induced 
nephropathy after coronary 

angiography. Am Heart J. 2003 
Dec;146(6):E23. PMID: 14661012. 

34. 	MacNeill BD, Harding SA, Bazari H, et 
al. Prophylaxis of contrast-induced 
nephropathy in patients undergoing 
coronary angiography. Catheter 
Cardiovasc Interv. 2003 Dec;60(4):458-
61. PMID: 14624421. 

35. 	Boccalandro F, Amhad M, Smalling 
RW, et al. Oral acetylcysteine does not 
protect renal function from moderate to 
high doses of intravenous radiographic 
contrast. Catheter Cardiovasc Interv. 
2003 Mar;58(3):336-41. PMID: 
12594698. 

36. 	Kay J, Chow WH, Chan TM, et al. 
Acetylcysteine for prevention of acute 
deterioration of renal function 
following elective coronary 
angiography and intervention: a 
randomized controlled trial. JAMA. 
2003 Feb 5;289(5):553-8. PMID: 
12578487. 

37. 	Durham JD, Caputo C, Dokko J, et al. A 
randomized controlled trial of N-
acetylcysteine to prevent contrast 
nephropathy in cardiac angiography. 
Kidney Int. 2002 Dec;62(6):2202-7. 
PMID: 12427146. 

38. 	Allaqaband S, Tumuluri R, Malik AM, 
et al. Prospective randomized study of 
N-acetylcysteine, fenoldopam, and 
saline for prevention of radiocontrast-
induced nephropathy. Catheter 
Cardiovasc Interv. 2002 
Nov;57(3):279-83. PMID: 12410497. 

39. 	Shyu KG, Cheng JJ, Kuan P. 
Acetylcysteine protects against acute 
renal damage in patients with abnormal 
renal function undergoing a coronary 
procedure. J Am Coll Cardiol. 2002 Oct 
16;40(8):1383-8. PMID: 12392825. 

61
 



 
 

 

 

 

 
 

 
 

 
 

 
 

  

 

 

 

 

 

  

 

 
 

 
 

 

 
 

 

 

 

 
 

 

 

 

 
 

 
 

 
 

40. 	Briguori C, Manganelli F, Scarpato P, et 
al. Acetylcysteine and contrast agent-
associated nephrotoxicity. J Am Coll 
Cardiol. 2002 Jul 17;40(2):298-303. 
PMID: 12106935. 

41. 	Tepel M, van der Giet M, Schwarzfeld 
C, et al. Prevention of radiographic-
contrast-agent-induced reductions in 
renal function by acetylcysteine. N Engl 
J Med. 2000 Jul 20;343(3):180-4. 
PMID: 10900277. 

42. 	Ratcliffe JA, Thiagarajah P, Chen J, et 
al. Prevention of contrast-induced 
nephropathy: A randomized controlled 
trial of sodium bicarbonate and N-
acetylcysteine. International Journal of 
Angiology. 2009;18(4):193-7. 

43. 	Izani Wan Mohamed WM, Darus Z, 
Yusof Z. Oral N-acetylcysteine in 
prevention of contrast induced 
nephropathy following coronary 
angiogram. International Medical 
Journal. 2008;15(5):353-61. 

44. 	Khalili H, Dashti-Khavidaki S, Tabifar 
H, et al. N-acetylcysteine in the 
prevention of contrast agent-induced 
nephrotoxicity in patients undergoing 
computed tomography studies. 
Therapy. 2006;3(6):773-7. 

45. 	Ochoa A, Pellizzon G, Addala S, et al. 
Abbreviated dosing of N-acetylcysteine 
prevents contrast-induced nephropathy 
after elective and urgent coronary 
angiography and intervention.  Journal 
of Interventional Cardiology; 2004. p. 
159-65. 

46. 	Kimmel M, Butscheid M, Brenner S, et 
al. Improved estimation of glomerular 
filtration rate by serum cystatin C in 
preventing contrast induced 
nephropathy by N-acetylcysteine or 
zinc - Preliminary results. Nephrology 
Dialysis Transplantation. 
2008;23(4):1241-5. 

47. 	Hsu TF, Huang MK, Yu SH, et al. N-
acetylcysteine for the prevention of 
contrast-induced nephropathy in the 
emergency department. Intern Med. 
2012;51(19):2709-14. PMID: 
23037460. 

48. 	Aslanger E, Uslu B, Akdeniz C, et al. 
Intrarenal application of N-
acetylcysteine for the prevention of 
contrast medium-induced nephropathy 
in primary angioplasty. Coron Artery 
Dis. 2012 Jun;23(4):265-70. PMID: 
22343798. 

49. 	Alioglu E, Saygi S, Turk U, et al. N-
acetylcysteine in preventing contrast-
induced nephropathy assessed by 
cystatin C. Cardiovasc Ther. 2013 
Jun;31(3):168-73. PMID: 22212518. 

50. 	Jaffery Z, Verma A, White CJ, et al. A 
randomized trial of intravenous n-
acetylcysteine to prevent contrast 
induced nephropathy in acute coronary 
syndromes. Catheter Cardiovasc Interv. 
2012 May 1;79(6):921-6. PMID: 
21542122. 

51. 	Tanaka A, Suzuki Y, Suzuki N, et al. 
Does N-acetylcysteine reduce the 
incidence of contrast-induced 
nephropathy and clinical events in 
patients undergoing primary 
angioplasty for acute myocardial 
infarction? Intern Med. 2011;50(7):673-
7. PMID: 21467697. 

52. 	Sadat U, Walsh SR, Norden AG, et al. 
Does oral N-acetylcysteine reduce 
contrast-induced renal injury in patients 
with peripheral arterial disease 
undergoing peripheral angiography? A 
randomized-controlled study. 
Angiology. 2011 Apr;62(3):225-30. 
PMID: 20682612. 

53. 	Kinbara T, Hayano T, Ohtani N, et al. 
Efficacy of N-acetylcysteine and 
aminophylline in preventing contrast-

62
 



 
 

 

 

 

 
 

 

 

 

 

 

 

 

 
 

 

 

 

 

 

 
 

 
 

 

 

 
 

 
 

 

 

 

 

 

 
 

 

 
 

 

 

induced nephropathy. J Cardiol. 2010 
Mar;55(2):174-9. PMID: 20206069. 

54. 	Thiele H, Hildebrand L, Schirdewahn 
C, et al. Impact of high-dose N-
acetylcysteine versus placebo on 
contrast-induced nephropathy and 
myocardial reperfusion injury in 
unselected patients with ST-segment 
elevation myocardial infarction 
undergoing primary percutaneous 
coronary intervention. The LIPSIA-N-
ACC (Prospective, Single-Blind, 
Placebo-Controlled, Randomized 
Leipzig Immediate PercutaneouS 
Coronary Intervention Acute 
Myocardial Infarction N-ACC) Trial. J 
Am Coll Cardiol. 2010 May 
18;55(20):2201-9. PMID: 20466200. 

55. 	Castini D, Lucreziotti S, Bosotti L, et al. 
Prevention of contrast-induced 
nephropathy: a single center 
randomized study. Clin Cardiol. 2010 
Mar;33(3):E63-8. PMID: 20127900. 

56. 	Marenzi G, Assanelli E, Marana I, et al. 
N-acetylcysteine and contrast-induced 
nephropathy in primary angioplasty. N 
Engl J Med. 2006 Jun 29;354(26):2773-
82. PMID: 16807414. 

57. 	Gomes VO, Poli de Figueredo CE, 
Caramori P, et al. N-acetylcysteine does 
not prevent contrast induced 
nephropathy after cardiac 
catheterisation with an ionic low 
osmolality contrast medium: a 
multicentre clinical trial. Heart. 2005 
Jun;91(6):774-8. PMID: 15894775. 

58. 	Azmus AD, Gottschall C, Manica A, et 
al. Effectiveness of acetylcysteine in 
prevention of contrast nephropathy. J 
Invasive Cardiol. 2005 Feb;17(2):80-4. 
PMID: 15687530. 

59. 	Kefer JM, Hanet CE, Boitte S, et al. 
Acetylcysteine, coronary procedure and 
prevention of contrast-induced 

worsening of renal function: which 
benefit for which patient? Acta Cardiol. 
2003 Dec;58(6):555-60. PMID: 
14713182. 

60. 	Demir M, Kutlucan A, Akin H, et al. 
Comparison of different agents on 
radiographic contrast agent induced 
nephropathy. European Journal of 
General Medicine. 2008;5(4):222-7. 

61. 	Carbonell N, Blasco M, Sanjuan R, et 
al. Intravenous N-acetylcysteine for 
preventing contrast-induced 
nephropathy: a randomised trial. Int J 
Cardiol. 2007 Jan 31;115(1):57-62. 
PMID: 16814414. 

62. 	Kim BJ, Sung KC, Kim BS, et al. Effect 
of N-acetylcysteine on cystatin C-based 
renal function after elective coronary 
angiography (ENABLE Study): a 
prospective, randomized trial. Int J 
Cardiol. 2010 Feb 4;138(3):239-45. 
PMID: 18793808. 

63. 	. Acetylcysteine for prevention of renal 
outcomes in patients undergoing 
coronary and peripheral vascular 
angiography: main results from the 
randomized Acetylcysteine for 
Contrast-induced nephropathy Trial 
(ACT). Circulation. 2011 Sep 
13;124(11):1250-9. PMID: 21859972. 

64. 	Baker CS, Wragg A, Kumar S, et al. A 
rapid protocol for the prevention of 
contrast-induced renal dysfunction: the 
RAPPID study. J Am Coll Cardiol. 
2003 Jun 18;41(12):2114-8. PMID: 
12821233. 

65. 	Burns KE, Priestap F, Martin C. N-
acetylcysteine in critically ill patients 
undergoing contrast-enhanced 
computed tomography: a randomized 
trial. Clin Nephrol. 2010 Oct;74(4):323-
6. PMID: 20875388. 

63
 



 
 

 

 
 

 

 
 

 

  

 
 

 
 

 
 

 
 

 

 

 

 

 

 

 

 

 

 

 

  

 
 

 
 
 

 

 

 
 

 
 

 
 

 

 

 

 

66. 	Chousterman BG, Bouadma L, 
Moutereau S, et al. Prevention of 
contrast-induced nephropathy by N-
acetylcysteine in critically ill patients: 
different definitions, different results. J 
Crit Care. 2013 Oct;28(5):701-9. 
PMID: 23683568. 

67. 	Fung JW, Szeto CC, Chan WW, et al. 
Effect of N-acetylcysteine for 
prevention of contrast nephropathy in 
patients with moderate to severe renal 
insufficiency: a randomized trial. Am J 
Kidney Dis. 2004 May;43(5):801-8. 
PMID: 15112170. 

68. 	Hsu CH, Lee JD, Lo PH, et al. 
Prevention of radiocontrast-induced 
nephropathy with N-acetylcysteine after 
cardiac angiography in diabetic patients 
with renal dysfunction. Mid-Taiwan 
Journal of Medicine. 2007;12(4):173-
83. 

69. 	Webb JG, Pate GE, Humphries KH, et 
al. A randomized controlled trial of 
intravenous N-acetylcysteine for the 
prevention of contrast-induced 
nephropathy after cardiac 
catheterization: lack of effect. Am 
Heart J. 2004 Sep;148(3):422-9. PMID: 
15389228. 

70. 	Katholi RE, Woods WT, Jr., Taylor GJ, 
et al. Oxygen free radicals and contrast 
nephropathy. Am J Kidney Dis. 1998 
Jul;32(1):64-71. PMID: 9669426. 

71. 	Meier P, Ko DT, Tamura A, et al. 
Sodium bicarbonate-based hydration 
prevents contrast-induced nephropathy: 
a meta-analysis. BMC Med. 2009;7:23. 
PMID: 19439062. 

72. 	Jang JS, Jin HY, Seo JS, et al. Sodium 
bicarbonate therapy for the prevention 
of contrast-induced acute kidney injury 
- a systematic review and meta-
analysis. Circ J. 2012;76(9):2255-65. 
PMID: 22975638. 

73. 	Hoste EA, De Waele JJ, Gevaert SA, et 
al. Sodium bicarbonate for prevention 
of contrast-induced acute kidney injury: 
a systematic review and meta-analysis. 
Nephrol Dial Transplant. 2010 
Mar;25(3):747-58. PMID: 19703838. 

74. 	Boucek P, Havrdova T, Oliyarnyk O, et 
al. Prevention of contrast-induced 
nephropathy in diabetic patients with 
impaired renal function: A randomized, 
double blind trial of sodium bicarbonate 
versus sodium chloride-based 
hydration. Diabetes Res Clin Pract. 
2013 Sep;101(3):303-8. PMID: 
23835495. 

75. 	Gomes VO, Lasevitch R, Lima VC, et 
al. Hydration with sodium bicarbonate 
does not prevent contrast nephropathy: 
a multicenter clinical trial. Arq Bras 
Cardiol. 2012 Dec;99(6):1129-34. 
PMID: 23184077. 

76. 	Lee SW, Kim WJ, Kim YH, et al. 
Preventive strategies of renal 
insufficiency in patients with diabetes 
undergoing intervention or 
arteriography (the PREVENT Trial). 
Am J Cardiol. 2011 May 
15;107(10):1447-52. PMID: 21420063. 

77. 	Motohiro M, Kamihata H, Tsujimoto S, 
et al. A new protocol using sodium 
bicarbonate for the prevention of 
contrast-induced nephropathy in 
patients undergoing coronary 
angiography. Am J Cardiol. 2011 Jun 
1;107(11):1604-8. PMID: 21420053. 

78. 	Ueda H, Yamada T, Masuda M, et al. 
Prevention of contrast-induced 
nephropathy by bolus injection of 
sodium bicarbonate in patients with 
chronic kidney disease undergoing 
emergent coronary procedures. Am J 
Cardiol. 2011 Apr 15;107(8):1163-7. 
PMID: 21349483. 

64
 



 
 

 

 

 
 

 

 
 

 

 

 

 
 

 

 
 

 
 

 

 
 

 
 

 

 

 
 

 
 

 

 

 
 

 

 

 

 

 
 

 
 

 
 

 

 
 

79. 	Vasheghani-Farahani A, Sadigh G, 
Kassaian SE, et al. Sodium bicarbonate 
in preventing contrast nephropathy in 
patients at risk for volume overload: a 
randomized controlled trial. J Nephrol. 
2010 Mar-Apr;23(2):216-23. PMID: 
20175053. 

80. 	Brar SS, Shen AY, Jorgensen MB, et al. 
Sodium bicarbonate vs sodium chloride 
for the prevention of contrast medium-
induced nephropathy in patients 
undergoing coronary angiography: a 
randomized trial. JAMA. 2008 Sep 
3;300(9):1038-46. PMID: 18768415. 

81. 	Masuda M, Yamada T, Mine T, et al. 
Comparison of usefulness of sodium 
bicarbonate versus sodium chloride to 
prevent contrast-induced nephropathy 
in patients undergoing an emergent 
coronary procedure. Am J Cardiol. 
2007 Sep 1;100(5):781-6. PMID: 
17719320. 

82. 	Merten GJ, Burgess WP, Gray LV, et al. 
Prevention of contrast-induced 
nephropathy with sodium bicarbonate: a 
randomized controlled trial. JAMA. 
2004 May 19;291(19):2328-34. PMID: 
15150204. 

83. 	Koc F, Ozdemir K, Altunkas F, et al. 
Sodium bicarbonate versus isotonic 
saline for the prevention of contrast-
induced nephropathy in patients with 
diabetes mellitus undergoing coronary 
angiography and/or intervention: A 
multicenter prospective randomized 
study. Journal of Investigative 
Medicine. 2013;61(5):872-7. 

84. 	Heguilen RM, Liste AA, Payaslian M, 
et al. N-acethyl-cysteine reduces the 
occurrence of contrast-induced acute 
kidney injury in patients with renal 
dysfunction: a single-center randomized 
controlled trial. Clin Exp Nephrol. 2013 
Jun;17(3):396-404. PMID: 23138396. 

85. 	Shavit L, Korenfeld R, Lifschitz M, et 
al. Sodium bicarbonate versus sodium 
chloride and oral N-acetylcysteine for 
the prevention of contrast-induced 
nephropathy in advanced chronic 
kidney disease. J Interv Cardiol. 2009 
Dec;22(6):556-63. PMID: 19732281. 

86. 	Pasceri V, Patti G, Nusca A, et al. 
Randomized trial of atorvastatin for 
reduction of myocardial damage during 
coronary intervention: results from the 
ARMYDA (Atorvastatin for Reduction 
of MYocardial Damage during 
Angioplasty) study. Circulation. 2004 
Aug 10;110(6):674-8. PMID: 
15277322. 

87. 	Patti G, Chello M, Candura D, et al. 
Randomized trial of atorvastatin for 
reduction of postoperative atrial 
fibrillation in patients undergoing 
cardiac surgery: results of the 
ARMYDA-3 (Atorvastatin for 
Reduction of MYocardial Dysrhythmia 
After cardiac surgery) study. 
Circulation. 2006 Oct 3;114(14):1455-
61. PMID: 17000910. 

88. 	Gueler F, Rong S, Park JK, et al. 
Postischemic acute renal failure is 
reduced by short-term statin treatment 
in a rat model. J Am Soc Nephrol. 2002 
Sep;13(9):2288-98. PMID: 12191973. 

89. 	Li W, Fu X, Wang Y, et al. Beneficial 
effects of high-dose atorvastatin 
pretreatment on renal function in 
patients with acute ST-segment 
elevation myocardial infarction 
undergoing emergency percutaneous 
coronary intervention. Cardiology. 
2012;122(3):195-202. PMID: 
22854323. 

90. 	Patti G, Ricottini E, Nusca A, et al. 
Short-term, high-dose Atorvastatin 
pretreatment to prevent contrast-
induced nephropathy in patients with 

65
 



 
 

 

 
 

 
 

 
 

 

 

 

 

 
 
 

 

 

 

 

 

 
 

 
 

 
 

 
 

 

 

 
  
 

 
 

 

 

 

 
 

 

 
 

 

 

 

acute coronary syndromes undergoing 
percutaneous coronary intervention 
(from the ARMYDA-CIN [atorvastatin 
for reduction of myocardial damage 
during angioplasty--contrast-induced 
nephropathy] trial. Am J Cardiol. 2011 
Jul 1;108(1):1-7. PMID: 21529740. 

91. 	Quintavalle C, Fiore D, De Micco F, et 
al. Impact of a high loading dose of 
atorvastatin on contrast-induced acute 
kidney injury. Circulation. 2012 Dec 
18;126(25):3008-16. PMID: 23147173. 

92. 	Toso A, Maioli M, Leoncini M, et al. 
Usefulness of atorvastatin (80 mg) in 
prevention of contrast-induced 
nephropathy in patients with chronic 
renal disease. Am J Cardiol. 2010 Feb 
1;105(3):288-92. PMID: 20102936. 

93. 	Ozhan H, Erden I, Ordu S, et al. 
Efficacy of short-term high-dose 
atorvastatin for prevention of contrast-
induced nephropathy in patients 
undergoing coronary angiography. 
Angiology. 2010 Oct;61(7):711-4. 
PMID: 20395226. 

94. 	Han Y, Zhu G, Han L, et al. Short-Term 
Rosuvastatin Therapy for Prevention of 
Contrast-Induced Acute Kidney Injury 
in Patients with Diabetes and Chronic 
Kidney Disease. J Am Coll Cardiol. 
2013 Sep 25PMID: 24076297. 

95. 	Xinwei J, Xianghua F, Jing Z, et al. 
Comparison of usefulness of 
simvastatin 20 mg versus 80 mg in 
preventing contrast-induced 
nephropathy in patients with acute 
coronary syndrome undergoing 
percutaneous coronary intervention. 
Am J Cardiol. 2009 Aug 
15;104(4):519-24. PMID: 19660605. 

96. 	Jo SH, Koo BK, Park JS, et al. 
Prevention of radiocontrast medium-
induced nephropathy using short-term 
high-dose simvastatin in patients with 

renal insufficiency undergoing coronary 
angiography (PROMISS) trial--a 
randomized controlled study. Am Heart 
J. 2008 Mar;155(3):499 e1-8. PMID: 
18294484. 

97. 	Arend LJ, Bakris GL, Burnett JC, Jr., et 
al. Role for intrarenal adenosine in the 
renal hemodynamic response to contrast 
media. J Lab Clin Med. 1987 
Oct;110(4):406-11. PMID: 3655519. 

98. 	Deray G, Martinez F, Cacoub P, et al. A 
role for adenosine calcium and 
ischemia in radiocontrast-induced 
intrarenal vasoconstriction. Am J 
Nephrol. 1990;10(4):316-22. PMID: 
2240059. 

99. 	Matejka J, Varvarovsky I, Vojtisek P, et 
al. Prevention of contrast-induced acute 
kidney injury by theophylline in elderly 
patients with chronic kidney disease. 
Heart Vessels. 2010 Nov;25(6):536-42. 
PMID: 20878408. 

100.  	Bilasy ME, Oraby MA, Ismail HM, et 
al. Effectiveness of theophylline in 
preventing contrast-induced 
nephropathy after coronary 
angiographic procedures. J Interv 
Cardiol. 2012 Aug;25(4):404-10. 
PMID: 22612071. 

101. 	Weisbord SD, Palevsky PM. Iodinated 
contrast media and the role of renal 
replacement therapy. Adv Chronic 
Kidney Dis. 2011 May;18(3):199-206. 
PMID: 21531326. 

102. 	Rodby RA. Preventing complications 
of radiographic contrast media: is there 
a role for dialysis? Semin Dial. 2007 
Jan-Feb;20(1):19-23. PMID: 17244114. 

103. 	Lehnert T, Keller E, Gondolf K, et al. 
Effect of haemodialysis after contrast 
medium administration in patients with 
renal insufficiency. Nephrol Dial 

66
 



 
 

 

 

 
 

 

 
 

 
 

 

 
 

 
 

 
 

 

 

 

  
 

 
 

 

 

 

 
 

 

 

 
 

 

 
 

 
 

 
 

 
 

 
 

 

Transplant. 1998 Feb;13(2):358-62. 
PMID: 9509446. 

104. 	Vogt B, Ferrari P, Schonholzer C, et 
al. Prophylactic hemodialysis after 
radiocontrast media in patients with 
renal insufficiency is potentially 
harmful. Am J Med. 2001 Dec 
15;111(9):692-8. PMID: 11747848. 

105. 	Frank H, Werner D, Lorusso V, et al. 
Simultaneous hemodialysis during 
coronary angiography fails to prevent 
radiocontrast-induced nephropathy in 
chronic renal failure. Clin Nephrol. 
2003 Sep;60(3):176-82. PMID: 
14524580. 

106. 	Marenzi G, Marana I, Lauri G, et al. 
The prevention of radiocontrast-agent-
induced nephropathy by hemofiltration. 
N Engl J Med. 2003 Oct 
2;349(14):1333-40. PMID: 14523141. 

107. 	Marenzi G, Lauri G, Campodonico J, 
et al. Comparison of two hemofiltration 
protocols for prevention of contrast-
induced nephropathy in high-risk 
patients. Am J Med. 2006 
Feb;119(2):155-62. PMID: 16443418. 

108. 	Marenzi G, Bartorelli AL, Lauri G, et 
al. Continuous veno-venous 
hemofiltration for the treatment of 
contrast-induced acute renal failure 
after percutaneous coronary 
interventions. Catheter Cardiovasc 
Interv. 2003 Jan;58(1):59-64. PMID: 
12508197. 

109. 	Briguori C, Airoldi F, D'Andrea D, et 
al. Renal Insufficiency Following 
Contrast Media Administration Trial 
(REMEDIAL): a randomized 
comparison of 3 preventive strategies. 
Circulation. 2007 Mar 
13;115(10):1211-7. PMID: 17309916. 

110. 	Gunebakmaz O, Kaya MG, Koc F, et 
al. Does nebivolol prevent contrast-

induced nephropathy in humans? Clin 
Cardiol. 2012 Apr;35(4):250-4. PMID: 
22262230. 

111. 	Huber W, Eckel F, Hennig M, et al. 
Prophylaxis of contrast material-
induced nephropathy in patients in 
intensive care: acetylcysteine, 
theophylline, or both? A randomized 
study. Radiology. 2006 Jun;239(3):793-
804. PMID: 16714461. 

112. 	Ng TM, Shurmur SW, Silver M, et al. 
Comparison of N-acetylcysteine and 
fenoldopam for preventing contrast-
induced nephropathy (CAFCIN). Int J 
Cardiol. 2006 May 24;109(3):322-8. 
PMID: 16039733. 

113. 	Briguori C, Colombo A, Airoldi F, et 
al. N-Acetylcysteine versus fenoldopam 
mesylate to prevent contrast agent-
associated nephrotoxicity. J Am Coll 
Cardiol. 2004 Aug 18;44(4):762-5. 
PMID: 15312855. 

114. 	Hafiz AM, Jan MF, Mori N, et al. 
Prevention of contrast-induced acute 
kidney injury in patients with stable 
chronic renal disease undergoing 
elective percutaneous coronary and 
peripheral interventions: randomized 
comparison of two preventive 
strategies. Catheter Cardiovasc Interv. 
2012 May 1;79(6):929-37. PMID: 
21542114. 

115. 	Klima T, Christ A, Marana I, et al. 
Sodium chloride vs. sodium 
bicarbonate for the prevention of 
contrast medium-induced nephropathy: 
a randomized controlled trial. Eur Heart 
J. 2012 Aug;33(16):2071-9. PMID: 
22267245. 

116. 	Cho R, Javed N, Traub D, et al. Oral 
hydration and alkalinization is 
noninferior to intravenous therapy for 
prevention of contrast-induced 
nephropathy in patients with chronic 

67
 



 
 

 

 

 
 

 
 

 
 

 
 

 

 

 

 

 
 

 

 

 

 

 

 

 

 
 

 

 

 
 

 

 

 
 

 

 
 

 
 

 

 
 

 
 

kidney disease. J Interv Cardiol. 2010 
Oct;23(5):460-6. PMID: 20796166. 

117. 	Tamura A, Goto Y, Miyamoto K, et al. 
Efficacy of single-bolus administration 
of sodium bicarbonate to prevent 
contrast-induced nephropathy in 
patients with mild renal insufficiency 
undergoing an elective coronary 
procedure. Am J Cardiol. 2009 Oct 
1;104(7):921-5. PMID: 19766757. 

118. 	Pakfetrat M, Nikoo MH, Malekmakan 
L, et al. A comparison of sodium 
bicarbonate infusion versus normal 
saline infusion and its combination with 
oral acetazolamide for prevention of 
contrast-induced nephropathy: a 
randomized, double-blind trial. Int Urol 
Nephrol. 2009;41(3):629-34. PMID: 
19137409. 

119. 	Adolph E, Holdt-Lehmann B, 
Chatterjee T, et al. Renal Insufficiency 
Following Radiocontrast Exposure 
Trial (REINFORCE): a randomized 
comparison of sodium bicarbonate 
versus sodium chloride hydration for 
the prevention of contrast-induced 
nephropathy. Coron Artery Dis. 2008 
Sep;19(6):413-9. PMID: 18955835. 

120. 	Briguori C, Visconti G, Focaccio A, et 
al. Renal Insufficiency After Contrast 
Media Administration Trial II 
(REMEDIAL II): RenalGuard System 
in high-risk patients for contrast-
induced acute kidney injury. 
Circulation. 2011 Sep 13;124(11):1260-
9. PMID: 21844075. 

121. 	Heng AE, Cellarier E, Aublet-Cuvelier 
B, et al. Is treatment with N-
acetylcysteine to prevent contrast-
induced nephropathy when using 
bicarbonate hydration out of date? Clin 
Nephrol. 2008 Dec;70(6):475-84. 
PMID: 19049703. 

122. 	Maioli M, Toso A, Leoncini M, et al. 
Sodium bicarbonate versus saline for 
the prevention of contrast-induced 
nephropathy in patients with renal 
dysfunction undergoing coronary 
angiography or intervention. J Am Coll 
Cardiol. 2008 Aug 19;52(8):599-604. 
PMID: 18702961. 

123. 	Staniloae CS, Doucet S, Sharma SK, et 
al. N-acetylcysteine added to volume 
expansion with sodium bicarbonate 
does not further prevent contrast-
induced nephropathy: Results from the 
cardiac angiography in renally impaired 
patients study. Journal of Interventional 
Cardiology. 2009;22(3):261-5. 

124.  	Marenzi G, Ferrari C, Marana I, et al. 
Prevention of contrast nephropathy by 
furosemide with matched hydration: the 
MYTHOS (Induced Diuresis With 
Matched Hydration Compared to 
Standard Hydration for Contrast 
Induced Nephropathy Prevention) trial. 
JACC Cardiovasc Interv. 2012 
Jan;5(1):90-7. PMID: 22230154. 

125. 	Talati S, Kirtane AJ, Hassanin A, et al. 
Direct infusion of fenoldopam into the 
renal arteries to protect against contrast-
induced nephropathy in patients at 
increased risk. Clin Exp Pharmacol 
Physiol. 2012 Jun;39(6):506-9. PMID: 
22469256. 

126. 	Oguzhan N, Cilan H, Sipahioglu M, et 
al. The lack of benefit of a combination 
of an angiotensin receptor blocker and 
calcium channel blocker on contrast-
induced nephropathy in patients with 
chronic kidney disease. Ren Fail. 
2013;35(4):434-9. PMID: 23413781. 

127. 	Li XM, Cong HL, Li TT, et al. Impact 
of benazepril on contrast-induced acute 
kidney injury for patients with mild to 
moderate renal insufficiency 
undergoing percutaneous coronary 

68
 



 
 

 

 

 
 

 

 
 

 

 

 
 

 
 

 

 

 

 
 

 
 

 

 

 

  

 

 

 

 

 

 
 

 

 
   

 
 

intervention. Chin Med J (Engl). 2011 
Jul;124(14):2101-6. PMID: 21933609. 

128. 	Li G, Yin L, Liu T, et al. Role of 
probucol in preventing contrast-induced 
acute kidney injury after coronary 
interventional procedure. Am J Cardiol. 
2009 Feb 15;103(4):512-4. PMID: 
19195512. 

129.  	Yin L, Li G, Liu T, et al. Probucol for 
the prevention of cystatin C-based 
contrast-induced acute kidney injury 
following primary or urgent 
angioplasty: a randomized, controlled 
trial. Int J Cardiol. 2013 Jul 
31;167(2):426-9. PMID: 22305809. 

130. 	Firouzi A, Eshraghi A, Shakerian F, et 
al. Efficacy of pentoxifylline in 
prevention of contrast-induced 
nephropathy in angioplasty patients. Int 
Urol Nephrol. 2012 Aug;44(4):1145-9. 
PMID: 21898040. 

131. 	Ludwig U, Riedel MK, Backes M, et 
al. MESNA (sodium 2-
mercaptoethanesulfonate) for 
prevention of contrast medium-induced 
nephrotoxicity - controlled trial. Clin 
Nephrol. 2011 Apr;75(4):302-8. PMID: 
21426884. 

132. 	Kong DG, Hou YF, Ma LL, et al. 
Comparison of oral and intravenous 
hydration strategies for the prevention 
of contrast-induced nephropathy in 
patients undergoing coronary 
angiography or angioplasty: a 
randomized clinical trial. Acta Cardiol. 
2012 Oct;67(5):565-9. PMID: 
23252007. 

133. 	Maioli M, Toso A, Leoncini M, et al. 
Effects of hydration in contrast-induced 
acute kidney injury after primary 
angioplasty: a randomized, controlled 
trial. Circ Cardiovasc Interv. 2011 Oct 
1;4(5):456-62. PMID: 21972403. 

134. 	Koc F, Ozdemir K, Kaya MG, et al. 
Intravenous N-acetylcysteine plus high-
dose hydration versus high-dose 
hydration and standard hydration for 
the prevention of contrast-induced 
nephropathy: CASIS--a multicenter 
prospective controlled trial. Int J 
Cardiol. 2012 Mar 22;155(3):418-23. 
PMID: 21106264. 

135. 	Marron B, Ruiz E, Fernandez C, et al. 
[Systemic and renal effects of 
preventing contrast nephrotoxicity with 
isotonic (0.9%) and hypotonic (0.45%) 
saline]. Rev Esp Cardiol. 2007 
Oct;60(10):1018-25. PMID: 17953922. 

136. 	Lawlor DK, Moist L, DeRose G, et al. 
Prevention of contrast-induced 
nephropathy in vascular surgery 
patients. Ann Vasc Surg. 2007 
Sep;21(5):593-7. PMID: 17823041. 

137. 	Chen SL, Zhang J, Yei F, et al. 
Clinical outcomes of contrast-induced 
nephropathy in patients undergoing 
percutaneous coronary intervention: a 
prospective, multicenter, randomized 
study to analyze the effect of hydration 
and acetylcysteine. Int J Cardiol. 2008 
Jun 6;126(3):407-13. PMID: 17651830. 

138. 	Bader BD, Berger ED, Heede MB, et 
al. What is the best hydration regimen 
to prevent contrast media-induced 
nephrotoxicity? Clin Nephrol. 2004 
Jul;62(1):1-7. PMID: 15267006. 

139. 	Krasuski RA, Beard BM, Geoghagan 
JD, et al. Optimal timing of hydration 
to erase contrast-associated 
nephropathy: the OTHER CAN study. J 
Invasive Cardiol. 2003 Dec;15(12):699-
702. PMID: 14660821. 

140. Trivedi HS, Moore H, Nasr S, et al. A 
randomized prospective trial to assess 
the role of saline hydration on the 
development of contrast nephrotoxicity. 

69
 



 
 

 

 
 

 
 

 

 
 

 

 

 
 

 

 
 

 
 

 

 

 
 

 

 

 

 
 

 

 
 

 
 

 
 

 
 

 

 

 

 

Nephron Clin Pract. 2003 
Jan;93(1):C29-34. PMID: 12411756. 

141. 	Mueller C, Buerkle G, Buettner HJ, et 
al. Prevention of contrast media-
associated nephropathy: randomized 
comparison of 2 hydration regimens in 
1620 patients undergoing coronary 
angioplasty. Arch Intern Med. 2002 Feb 
11;162(3):329-36. PMID: 11822926. 

142. 	Abizaid AS, Clark CE, Mintz GS, et 
al. Effects of dopamine and 
aminophylline on contrast-induced 
acute renal failure after coronary 
angioplasty in patients with preexisting 
renal insufficiency. Am J Cardiol. 1999 
Jan 15;83(2):260-3, A5. PMID: 
10073832. 

143. 	Stevens MA, McCullough PA, Tobin 
KJ, et al. A prospective randomized 
trial of prevention measures in patients 
at high risk for contrast nephropathy: 
results of the P.R.I.N.C.E. Study. 
Prevention of Radiocontrast Induced 
Nephropathy Clinical Evaluation. J Am 
Coll Cardiol. 1999 Feb;33(2):403-11. 
PMID: 9973020. 

144. 	Hans SS, Hans BA, Dhillon R, et al. 
Effect of dopamine on renal function 
after arteriography in patients with pre-
existing renal insufficiency. Am Surg. 
1998 May;64(5):432-6. PMID: 
9585778. 

145. 	Kelly AM, Dwamena B, Cronin P, et 
al. Meta-analysis: effectiveness of 
drugs for preventing contrast-induced 
nephropathy. Ann Intern Med. 2008 
Feb 19;148(4):284-94. PMID: 
18283206. 

146. 	Birck R, Krzossok S, Markowetz F, et 
al. Acetylcysteine for prevention of 
contrast nephropathy: meta-analysis. 
Lancet. 2003 Aug 23;362(9384):598-
603. PMID: 12944058. 

147. 	Wu Y, Du L, Li F, et al. Renal 
oncocytoma: contrast-enhanced 
sonographic features. J Ultrasound 
Med. 2013 Mar;32(3):441-8. PMID: 
23443184. 

148. 	Wu MY, Hsiang HF, Wong CS, et al. 
The effectiveness of N-acetylcysteine in 
preventing contrast-induced 
nephropathy in patients undergoing 
contrast-enhanced computed 
tomography: A meta-analysis of 
randomized controlled trials. 
International Urology and Nephrology. 
2013;45(5):1309-18. 

149. 	Wu MY, Hsiang HF, Wong CS, et al. 
The effectiveness of N-Acetylcysteine 
in preventing contrast-induced 
nephropathy in patients undergoing 
contrast-enhanced computed 
tomography: a meta-analysis of 
randomized controlled trials. Int Urol 
Nephrol. 2013 Oct;45(5):1309-18. 
PMID: 23283594. 

150. 	Anderson JL, Adams CD, Antman 
EM, et al. 2012 ACCF/AHA focused 
update incorporated into the 
ACCF/AHA 2007 guidelines for the 
management of patients with unstable 
angina/non-ST-elevation myocardial 
infarction: a report of the American 
College of Cardiology 
Foundation/American Heart 
Association Task Force on Practice 
Guidelines. J Am Coll Cardiol. 2013 
Jun 11;61(23):e179-347. PMID: 
23639841. 

151. 	. Kidney Disease: Improving Global 
Outcomes (KDIGO) Acute Kidney 
Injury Work Group. KDIGO Clinical 
Practice Guideline for Acute Kidney 
Injury. Kidney inter., Suppl. 
2012;2(1):1-138. 

152. 	Li Y, Liu Y, Fu L, et al. Efficacy of 
short-term high-dose statin in 

70
 



 
 

 
 

 
 
 

 
 

 

 

 

 

 

 

 

 

 
 

 

 

 

 

 
 

 
 

 

 

  

 

 
 

 

 
 

 
 

 
 

 
 

 

preventing contrast-induced 
nephropathy: a meta-analysis of seven 
randomized controlled trials. PLoS 
One. 2012;7(4):e34450. PMID: 
22511942. 

153. 	Zhou Y, Yuan WJ. [The effects of 
short-term high-dose statins on the 
prevention of contrast-induced 
nephropathy in patients undertaking 
coronary angiography: a systematic 
review and meta-analysis]. Zhonghua 
Nei Ke Za Zhi. 2011 Nov;50(11):942-6. 
PMID: 22333127. 

154. 	Zhou Y, Yuan WJ, Zhu N, et al. Short-
term, high-dose statins in the prevention 
of contrast-induced nephropathy: a 
systematic review and meta-analysis. 
Clin Nephrol. 2011 Dec;76(6):475-83. 
PMID: 22105451. 

155. 	Zhang BC, Li WM, Xu YW. High-
dose statin pretreatment for the 
prevention of contrast-induced 
nephropathy: a meta-analysis. Can J 
Cardiol. 2011 Nov-Dec;27(6):851-8. 
PMID: 21944277. 

156. 	Takagi H, Umemoto T. A meta-
analysis of randomized trials for effects 
of periprocedural atorvastatin on 
contrast-induced nephropathy. Int J 
Cardiol. 2011 Dec 15;153(3):323-5. 
PMID: 21924779. 

157. 	Pappy R, Stavrakis S, Hennebry TA, et 
al. Effect of statin therapy on contrast-
induced nephropathy after coronary 
angiography: a meta-analysis. Int J 
Cardiol. 2011 Sep 15;151(3):348-53. 
PMID: 21636154. 

158. 	Zhang L, Lu Y, Wu B, et al. Efficacy 
of statin pretreatment for the prevention 
of contrast-induced nephropathy: a 
meta-analysis of randomised controlled 
trials. Int J Clin Pract. 2011 
May;65(5):624-30. PMID: 21489086. 

159. 	Zhang T, Shen LH, Hu LH, et al. 
Statins for the prevention of contrast-
induced nephropathy: a systematic 
review and meta-analysis. Am J 
Nephrol. 2011;33(4):344-51. PMID: 
21430372. 

160.  	Ix JH, McCulloch CE, Chertow GM. 
Theophylline for the prevention of 
radiocontrast nephropathy: a meta-
analysis. Nephrol Dial Transplant. 2004 
Nov;19(11):2747-53. PMID: 15328384. 

161. 	Bagshaw SM, Ghali WA. 
Theophylline for prevention of contrast-
induced nephropathy: a systematic 
review and meta-analysis. Arch Intern 
Med. 2005 May 23;165(10):1087-93. 
PMID: 15911721. 

162. 	McDonald RJ, McDonald JS, Bida JP, 
et al. Intravenous contrast material-
induced nephropathy: causal or 
coincident phenomenon? Radiology. 
2013 Apr;267(1):106-18. PMID: 
23360742. 

163. 	Davenport MS, Khalatbari S, Dillman 
JR, et al. Contrast material-induced 
nephrotoxicity and intravenous low-
osmolality iodinated contrast material. 
Radiology. 2013 Apr;267(1):94-105. 
PMID: 23360737. 

164. 	Cruz DN, Goh CY, Marenzi G, et al. 
Renal replacement therapies for 
prevention of radiocontrast-induced 
nephropathy: a systematic review. Am J 
Med. 2012 Jan;125(1):66-78 e3. PMID: 
22195531. 

165. 	Vaitkus PT, Brar C. N-acetylcysteine 
in the prevention of contrast-induced 
nephropathy: publication bias 
perpetuated by meta-analyses. Am 
Heart J. 2007 Feb;153(2):275-80. 
PMID: 17239689. 

71
 


	nephropathy-contrast-induced-prevention-report-141015.2
	nephropathy-contrast-induced-prevention-report-141015.2.2
	nephropathy-contrast-induced-prevention-report-141015.2.3
	nephropathy-contrast-induced-prevention-report-141015.2.4
	nephropathy-contrast-induced-prevention-report-141015.2.5
	nephropathy-contrast-induced-prevention-report-141015.2.6
	nephropathy-contrast-induced-prevention-report-141015.2.7
	nephropathy-contrast-induced-prevention-report-141015.2.8
	nephropathy-contrast-induced-prevention-report-141015.2.9
	nephropathy-contrast-induced-prevention-report-141015.2.10
	nephropathy-contrast-induced-prevention-report-141015.2.11
	nephropathy-contrast-induced-prevention-report-141015.2.12
	nephropathy-contrast-induced-prevention-report-141015.2.13
	nephropathy-contrast-induced-prevention-report-141015.2.14
	nephropathy-contrast-induced-prevention-report-141015.2.15
	nephropathy-contrast-induced-prevention-report-141015.2.16
	nephropathy-contrast-induced-prevention-report-141015.2.17

